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cet,  under  whose  inspection  the  work  was  commenced, 
and  from  whom  I  received  many  important  sugges- 
tions, respecting  hoth  the  plan  and  the  mode  of 
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fulfilling  my  design.  To  the  present  volume  I  beg 
leave  to  prefix  your  name.  A  friendship,  which  may 
be  said  to  have  been  transmitted  to  us  from  our 
parents,  which  commenced  in  our  childhood,  and 
which  has  continued  to  the  present  period,  without 
the  slightest  interruption,  might  alone  be  sufficient  to 
justify  my  choice.  But,  independently  of  any  private 
feelings  of  this  description,  I  am  anxious  to  embrace 
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this  opportunity  of  giving  my  public  testimony  to 
your  excellent  moral  qualities,  and  to  your  varied 
scientific  acquirements ;  qualities  which  are  the  more 
esteemed  the  more  they  are  known ;  and,  acquirements 
which  have  been  uniformly  employed  in  the  improve- 
ment of  the  useful  arts,  or  in  the  advancement  of 
knowledge. 

Believe  me,  my  dear  Sir, 

Your  very  sincere  and  faithful  Friend, 

J.  BOSTOCK. 

Upper  Bedford-Place, 
March  5th,  1826. 


The  reception  which  the  first  volume  of  this  trea* 
tise  experienced,  could  leave  no  doubt  in  my  mind 
as  to  the  necessity  of  completing  the  work  ;  and  I 
lament  that  certain  circumstances,  which  were  una- 
voidable, have  delayed  for  so  long  a  period  the 
publication  of  the  second  part.  As,  however,  the 
circumstances  to  which  I  allude  no  longer  exist,  I 
may  indulge  a  hope  that  the  third  volume  will  suc- 
ceed the  present  at  a  considerably  shorter  interval.  I 
have,  as  nearly  as  possible,  pursued  the  same  method  of 
giving  an  accoimt  of  the  best  established  facts,  and 
the  most  approved  hypotheses  ;  freely  offering  my 
remarks  upon  them,  and  pointing  out  any  part  which 
appeared  to  be  objectionable.  I  have^  however,  found 
it  a  very  difficult  task  to  ai-rive  at  any  siatisfactory 
conclusion,  with  respect  to  many  of  the  topics  that 
arc  discussed  in  this  volume.  For,  singular  as  it  may 
appear,  although  most  of  them  profess  to  be  esta* 
bli!»hed  on  the  basis  of  direct  experiments,  aud  such  as 
would  appear  not  to  l>e  of  very  difficult  execution,  yet 
we  shall  find  that  every  step  of  the  track  through 
which  I  have  had  to  pass,  is  on  debateable  ground. 
On  this  accoimt,  I  have  frequently  felt  it  necessary  to 
dissent  from  the  opinions  of  the  most  eminent 
physiologista  of  the  age ;  but  when  I  have  done  this, 


▼1  PREFACE. 

I  have  given  my  reason  for  the  dissent ;  and  I  trust 
that  I  have,  in  no  instance,  gone  beyond  that  candid 
criticism,  which  it  is  necessary  to  exercise  on  all  scien- 
tific topics. 

I  beg  to  repeat  the  request  with  which  I  conclude 
the  preface  to  my  former  volume^  that  my  readers 
will  use  towards  me  the  same  liberty  which  I  have 
used  towards  others ;  that  they  will,  without  reserve, 
point  out  all  the  errors  and  imperfections  which  may 
be  found  in  the  work.  I  have  thought  it,  upon  the 
whole,  more  advisable  to  defer  the  notice  of  these  re- 
marks until  the  publication  of  my  third  and  con- 
cluding volume ;  as  by  this  means  I  shall  have  the 
advantage  of  another  year's  experience,  an  advantage 
which  is  of  no  small  moment  in  a  science  so  rapidly 
progressive  as  that  of  Physiology. 
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CHAP.   VII. 


OF    RESPTRATIOK. 


NifXT  to  the  circulation  of  the  blood,  the  function 

I  which  is  the  most  essential  to  life»  at  least  in   the 

[higher  orders  of  animals,  is  respiration.     Respiratior 

consists  in  the  alternate  reception  and  emission  of  aifJ 

into  and  out  of  the  lungs,  at  the  same  time  that  the 

Wood   is  transmitted    through   a   set   of  vessels  so*' 

!  situated,  as  to  enable  the  an*  to  act  upon  it,  and  to 

produce  that  change  in  its  nature  and  properties, 

which  fits  it  for  the  support  of  life.^     I  shall  arrange 


'  It  is  scarcely  necessary  to  remark,  that  the  above  descnp- 

tian  applies  only  to  the  higher  orders  of  animals,  the  maRimalia, 

I  birds,  and  amphibia.     In  fishes^  the  process  which  15  equivalent 

to  respiration  is  performed  by  the  branchioe  or  gOls,  which  arc 

placed  in  a  passage  communicating  with  the  fauces,  and  termi- 

I  nating  on  the  surface  of  the  body,  through  which  a  portion  of 

Lllie  water  received  into  the  mouth  is  forcibly  propelled.     It  is 

thus  brought  into  close   approximation  wiUi  the  blood  winch 

circulates  through  their  fringed  extremities,  where  it  receives 
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my  remarks  upon  this  subject  under  tliree  heads; 
first,  the  mechanism  of  respiration ;  second,  its  direct 
effects;  and  third,  its  remote  effects  on  the  living 
system. 


its  appropriate  change  from  the  air  which  the  water  retains  in 
solution*  The  mode  in  which  the  respiration  of  fishes  is  ejected, 

j  which  was  iiiipcrftjctly  understood  by  Boyle,  Works,  v.  i. 
p,  109,  was  correctly  described  by  Mayow,  Tract,  i.  c.  15 
p.  259|;  although  like  many  of  his  discoveries,  it  appears  to 
have  been  forgotten,  when  it  was  again  pointed  out  by  Priestley ; 
On  Air,  v.  iii.  p.  342,  v.  v.  p.  136.  et  seq.,  of  the  1st  sec.  and 
V,  iii»  p,  382  of  the  2d  series.  The  respiration  of  fishes  has 
been  since  examined  by  Carradori;  Ann.  de  Chim.  t*  xxix* 
p.  171,  2;  and  by  Cuvicr ;  Le9on8  d' Anatomic  Comp.  t.  iv. 
p.  305,  6.     We  have  also  a  very  interesting  and  elaborate  set 

Lof  experiments  on  this  subject  by  Humboldt  and  Proven9al ; 

I  Mem.  d'Arcueil,  t.  ti.  p.  359.  ct  seq ,  to  which  I  shall  have 
occasion  to  refer  more  particularly  in  a  subsequent  section  of 

I  this  chapter*  We  have  also  some  very  valuable  experiments  by 
Dr.  Edwards,  particularly  on  the  relation  which  the  respiration 
of  fishes  bears  to  that  of  animals  that  are  furnished  with  lungs ; 
De  l*In3uence  des  Agens,  &:c.  par;  ii.  ch.  3.     M«  Dumeril  has 

[given  an  elaborate  dissertation  on  the  mechanism  of  the  respi- 

liatory  organs  of  fishes  ;  Nicholson's  Journ,  v.  xxviil,  p.  350-  et 

}icq-  translated  from  Mag*  Encyc.  Nov,  1807,  p.  35.  In  many  of 
the  invertebrated  animals  the  respiratory  organs  consist  merely 
of  a  number  of  tubes  or  pores^  called  tracbesB,  provided  with 
open  mouthft»  which  simply  admit  the  air  to  enter  into  them, 
while  there  are  numerous  tribes  in  which  no  distinct  apparatus 
caab^  detected  r  it  appears,  however,  that  in  all  cases  the  animal 
produces  the  same  kind  of  change  upon  the  air.  Scheele  noticed 
the  eiSecl  of  a  leach  in  abstracting  the  oxygen  from  water ;  On 
Air  and  Fire,  p.  167.  Vauquelin  found  that  insects  and  snnils 
consume  oxygen  and  generate  carbonic  acid  ;  Ann,  de  Chim.  t. 
XJL  p.  273*  et  seq.    Spallansani  repeated  and  diversified  Vauque* 
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§  1.     Mechanism  of  Respiraiioiu 

The  principal  organs  of  respiratiou  in  man  are  the 
trachea  with  its  ramifications,  the  pulmonary  system  of 
blood-vessels,  the  luTigs>  aud  the  diaphragm.  The 
first  constitutes  the  passage  by  which  the  air  is  con- 
veyed into  its  appropriate  receptacles;  tlic  sanguiferous 
vesfiels  ai*e  the  apparatus  by  which  the  blood  is  carried 
through  the  lungs  in  such  a  manner,  as  to  enable  it 
to  receive  the  influence  of  the  air ;  these  two  sets  of 
parts,  TOth  the  connecting  membranous  matter,  com- 
pose the  lungs,  while  the  diaphragm  is  the  principal 
agent  in  the  alternate  enlargement  and  contraction 
of  the  cavity  of  the  thorax.  The  trachea  is  a  tulie 
composed  of  cartilaginous  rings,  united  together  by 
elastic  ligaments,  and  furnished  with  muscular  fibres, 
which  commences  in  the  fauces  and  descends  into 
the  thorax.  It  first  divides  into  two  branches,  which 
pass  respectively  into  the  two  lungs ;  here  it  is  sub- 
lines experiments,  and  obtained  the  same  results  with  respect  to 
the  oxygen  and  carbonic  acid,  but  he  conceived  that  they  also 
coniumed  nitrogen;  Metn.  6iir  la  Respir,  p.  184.  et  alibi.  He 
aUodetaila  a  variety  of  experiments,  in  which  animals  that  pos« 
teased  no  distinct  organs  of  respiration  deoxidated  the  air  in  ttie 
same  manner  with  those  that  have  lungs ;  Mem.  p.  258,  301,  el 
alibi.  We  may  infer  that  in  all  these  cases  the  same  kind  of 
change  is  effected  on  the  blood  or  other  anafogous  fluid »  for 
it  is  this  change  which  is  to  be  regarded  as  the  ultimate  object 
and  essence  of  the  function;  Magendie,  Phjs.  t.  ii.  p,  36K 
For  a  judicious  summary  of  the  various  experiments  that  have 
been  performed  on  the  lower  classes  of  animals,  tbe  reader 
is  referred  to  the  third  chapter  of  Mr.  Ellis's  **  Inquiry," 
and  the  additions  to  c.  3,  in  the  **  Further  Inquiries/' 
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divided  into  smaller  and  smaller  branches,  until  it 
finally  terminates  in  the  air  cells  or  vesicles.  As  the 
tubes  become  smaller,  they  gradually  lose  their  carti- 
laginous nature,  and  are  at  length  entirely  composed 
of  membrane.  The  muscular  fibres  of  the  trachea 
are  placed  both  longitudinally  ^  and  transversely,  and 
as  the  rings  are  incomplete  at  their  back  part,  the 
tube  easily  admits  of  contraction  in  both  its  dimen- 
sions. A  number  of  air  vesicles,  connected  together 
by  cellular  texture,  form  what  are  styled  lobules;  a 
number  of  these  lobules  compose  lobes,  and  a  smaller 
number  of  these  lobes  constitute  the  lungs. 

The  pulmonary  blood-vessels  may  be  considered  as 
forming  the  most  essential  part  o£  the  respiratory 
organs,  or  that  to  which  all  the  rest  are  subservient. 
When  the  blood  leaves  the  right  ventricle  of  -  the 
hearty  it  is  propelled  through  what  has  been  called  the 
Rete  mirabile  Malpighi,  from  its  having  been  first 
described  by  this  anatomist :  the  blood  is  then  col- 
lected in  the  systemic  veins,  and  is  brought  back  to 
the  left  or  systemic  auricle  of  the  heart.  The  lungs 
themselves  are  two  masses. of  a  spongy  texture^  which 
completely  fill  the  cavity  of  the  thorax;  this  cavity 
is  lined  by  the  pleura,  j^nd  the  lungs  are  also  enveldped 
by  a  duplicature  of  the  same  membrane.     In  all  the 

^  The  moftt  eminent  anatomUts  admit  of  the  exi^tence  of 
muscular  fibres  in  both  directions ;  Sabatier^  however,  in* 
forms  lis  that  he  was  never  able  to  see  the  longitudinal 
fibres  of  this  f>art ;  Anatomie,  t.  i.  p.  261.  Helvetius  doubts 
of  their  existence  altogether;  Mem.  Acad.  Scien..pour  1718, 
p.  23,  4. 
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rent  states  of  respiration  the  two  parts  of  the 
pleura^  that  lining  the  chest,  and  that  enclosing  the 
are  in  contact,  no  actual  cavity  being  left 
veen  them*^ 


J  It  waB  a  prevalent  opinion  among  the  ancients  that  there 
i  a  quantity  of  air  in  the  cavity  of  the  thomx  between  the 
ileurse^  and  the  opinion  has  been  ganctioned  by  the  authority 
Harvey,  de  Gener*  Ei,  3,  p.  6;  Bamberger,  Disp.  de 
pir,  Mech»,  as  referred  to  by  Haller,  EJ.  Phys.  viii,  1.13; 
loadley,  Lect  on  Respiration,  No.  i.  p.  11.  et  «e(). ;  Halesj 
at.  Essays^  v.  ii.  p*  81  ;  Morgagni,  Advers,  Anat.  par*  5.  §46  ; 
Dd  other  eminent  names  among  the  moderns.  See  Boerhaave, 
elect,  t.  T,  pars.  1 .  notae  ad  §  606 ;  Haller,  EL  Phys.  viii,  2, 
» S ;  itnd  Dumas,  Physioh  t.  iii.  p.  40.  et  seq-  But  the  expe- 
nts  of  the  later  physiologbts,  and  especially  of  Haller,  Op, 
'liD.  I,  L  p,  301*. 319,  appear  to  have  decided  this  question  in 
be  negative.  This  writer,  with  his  usual  candour,  states  very 
iiUy  the  facts  which  have  been  adduced  In  favour  of  the  con- 
opinion  ;  and  at  the  same  time,  offers  many  important 
ions,  which  may  enable  us  to  detect,  as  well  as  to 
obviatet  the  sources  of  error  to  which  experiments  on  this  sub- 
ject are  always  liable.  See  alt^o  Whytt  on  Vital  Motions,  p.  81. 
note ;  Bichat)  Anat.  Descrip.  t*  iv.  p.  6  ;  and  the  same  author  In 
Hii  treatise,  Sur  la  Vie,  &c*  Art.  6.  ^  1.  p*  146,  7 ;  Sceramering, 
de  Corp.  Hum.  Fab.  t.  vl  J  12*  16;  and  Dumas,  Phys*  par.  3, 
Sect.  2.  c*  2,  t  ill.  p.  4-0. .  5.  Although  this  point  seemed  to 
be  so  completely  established,  some  experiments  have  been 
lately  performed  by  Dr.  Witliams,  a  zealous  and  inteliigent 
physiologist,  which  were  attended  with  a  different  result ;  Ann. 
of  Philos.  V,  V.  N.  S.  p.  429.  Notwithstanding  the  respecta- 
bility of  Dr.  Williams  himself  and  of  the  gentlemen  who  wit- 
nessed the  experiments,  I  cannot  but  suspect  that  some  circtun- 
fttttnce  escaped  their  observation,  which  has  led  to  an  erroneous 
ncltision.  Some  experiments  not  unlike  Dr.  Williams's  were 
years  ago  performed  by  Houston,  PhiL  Trans-  for  1736, 
p«  290 ;  See  Hoadley's  remarks  upon  them,  Lect.  on'  Respir. 
Appendit. 


6  Or  gam  of  Uenpiratnyit. 

The  diaphrEgm  is  a  strong  muscular  expansioTti 
possessed  of  a  great  degree  of  contractility,^  which 
separates  the  two  priucipal  cavities  of  the  trunk  of 
the  body,  the  thorax  and  the  abdomen.     In  its  natu- 

[ral  state  it  assumes  an  arched  form,  convex  with 
lespect  tx>  the  tliorax;  but  when  it  contracts,  the  cur- 

I  mature  is  necessarily  diminished*  and  the  thorax  is  of 
course  increased  in  its  capacity.  The  parietes  of 
the  thorax  are  comi^oseil  partly  of  bone  and  partly  of 

[cartilage  ;  the  ribs,  which  form  its  sides,  are  arched 

iboiies,  articulated  at  their  extremities,  and  with 
spaces  between  each  of  them,  that  are  occupied  by 

.muscles^  called,  from  their  situation,  intereostals. 
When  the  ribs  are  in  their  natural  position,  and  the 
muscles  are  relaxed^  their  lower  edge  forms  an  acute 
Mig^e  with  the  spine  ;  but  when  they  are  raised  by 

ithe  contraction  of  the  intcrcostals,  they  are  more 
nearly  at  right  angles  to  this  bone,  and  thus  cx)ntri* 

,  bute  to  enlarge  the  capacity  of  the  thorax,  although 

[this  effect  is  principally  brought  about  by  the  con- 

I traction  of  the  diaphragm,^ 

The  mechanical  act  of  respiration  consists  essen- 
tiaUy  in  increasing  the  cavity  of  the  tljorax,  which  is 
accomplished  principally  by  flattening  the  arch  of  the 

r diaphragm;  for  although  the  contraction  of  tlie  inter- 

Icq&t^lst  by  raising  the  ribs,  tends  to  increase  the  dis- 


<«i|iailet  in  lii«  expertmentt  oo  tlie  comparativo  coiUractitity 
»f  various  parUt  remarks,  *'  .  *  *  i*irrltabilite  du  diaphragnie  qui 
parott  Buperieure  tk  celle  des  atitref  muscles  ;*'  Sur  lei  Part. 
IrriU  et  Sena.  i.  i.  p.  257,    et  ex.  210,  2^5,  'ISO.  239,  210. 

.i^tjm  Mr-  C*  Bdlz  Dicaect.  pi.  6,  7.  w^  Iwvv  un  oxcellcfit 
viow  of  tlte  aspect  and  bituutian  of  ilic  Uiorucic  vUctra* 
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tmce  from  the  sternum  to  the  spine,  yet  the  addi- 
tional space  gained  in  this  way  is  but  inconsiderable, 
when  compared  to  that  produced  by  the  contraction 
of  the  diaphragm.  Indeed  it  would  appear,  that  the 
chief  use  of  the  intercostals  is  to  fix  the  ribs,  and 
thus  to  afford  a  kind  of  resistance  to  the  power  which 
the  diaphragm  would  otherwise  exert  in  drawing  them 
down,  and  thus  partially  counteracting  its  own  con- 
traction • 

As  the^  lungs  are  every  where  in  contact  with  the 
cavity  containing  them,  their  expansion  must  be 
always  equal  to  that  of  the  chest.  The  air  which 
they  contain,  in  consequence  of  this  expansion,  be- 
comes rarefied  ;  and  as  there  is  a  free  communication 
with  the  atmosphere  through  the  trachea,  a  portion 
of  air  w  ill  enter  the  lungs,  sufficient  to  restore  the 
equilibrium.  After  some  time  the  muscular  con-- 
traction  of  the  diaphragm  and  the  intercostals  ceases, 
and  is  succeeded  by  relaxation ;  the  elasticity  of  the 
cartilages  and  membranes  brings  back  the  parts  to 
their  former  shape,  in  which  they  are  occasionally 
aided  by  the  muscles  of  the  abdomen  and  the  loins,* 

*  Sabatier,  Anat.  U  ii.  p.  271.  and  Cuvicr,  Lemons,  t.  iv^ 
'  p,  557.  arcj  I  believe,  the  only  modern  anatomists  of  eminence* 
who  attribute  expiration  priticipally  to  the  contraction  of  the 
abdominal  musclesj  and  suppose  ihe  elastlctty  of  the  parts 
coonected  with  the  chest  to  be  a  secondary  agent  in  this  opera- 
tion. Cuvjer  expresseii  himself  very  decidedly  on  the  subject ; 
I  .expiration  *'  est  due  princlpalement  aux  muscles  du  bas-ventre, 
qui  sont,  a  cet  egard,  les  vrai  antagonistes  du  diaphragme." 
Except  io  forced  expiration  I  conceive  these  muscles  to  be  nearly 
passive*     We  have  some  observations  by  M.  Bourdon^  on  certain 
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and  as  the  capacity  of  the  lungs  is  thus  diminished, 
a  quantity  of  air  is  expelled  from  them.  lu  a  short 
time,  however,  the  contraction  is  renewed,  and  is 
;ain  succeeded  by  relaxation,  and  this  alternation 
proceeds  as  long  as  life  continues.  From  this  account 
of  the  mechanical  process  of  respiration  we  learn,  that 
what  may  be  called  the  quiescent  state  of  the  respi- 
ratory organs  is  expiration ;  that  tlie  air  enters  the 
lungs  in  consequence  of  the  increased  capacity  of  the 
chest,  as  afTectcd  by  muscular  contiaction ;  that  expi- 
ration is,  in  a  great  measure,  a  passive  operation^  and 
therefore  tliat  the  act  of  inspiration  is  tlie  one  imme- 
diately connected  with  the  powers  of  life,  the  remain- 
ing part  of  the  mechanism  of  respiration  depending 
principally  upon  the  elasticity  and  other  phys>icid  pro- 
perties of  the  organs  conceracd,^ 

I  have  now  described  what  takes  place  in  an  ordi- 
nary act  of  respiration ;  but  altlrough  the  fnuction 
cannot  be  altogether  suspended  by  any  voluntary 
effort,  it  is  so  far  under  the  control  uf  the  will,  that, 

|ioijiU  connected  with  the  mechani&m  of  the  respiratory  organs, 
which  appear  to  be  ileserving  of  attention  ;  they  principally  re- 
gard the  itate  of  the  chesi  and  its  appendages  during  violent 
efforts  of  various  kinds.  These  he  conceives  depend  upon,  or 
are  aliraya  accompanied  by,  the  closing  of  the  glottis,  which  ia 
ci^sential  to  the  action  of  the  other  parts  of  the  operation ;  See 
ail  account  of  the  work  in  Med,  et  Fhys.  Journ.  v,  xliv.  p,  33. 

7  Cullcn's  account  of  the  mechanism  cf  respiration  in  hl« 
**  Listitutions,"  sect,  3*  c.  iv.  affords  an  excellent  specimen  of 
iitft  clear  and  concise  manner  of  haodling  a  subject,  which,  by 
most  of  his  contemporaries,  was  but  imperfectly  understood^ 
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according  to  circumstances,  it  may  be  exercised  in 
very  different  degrees.  When  we  wish  to  make  a 
full  inspiration,  besides  the  diaphragm  and  inter- 
costals^  we  call  into  action  the  extcnial  muscles  of 
the  breast,  shoulders,  and  other  neighbouring  parts, 
which,  by  elevating  the  ribs  and  the  steraum,  still 
farther  increase  the  capacity  of  the  thorax,**  When, 
on  the  contrary,  we  wish  to  produce  a  full  expiration, 
the  abdominal  muscles  are  contracted,  the  viscera 
are  thus  pushed  against  the  diaphragm,  and  its  con- 
vexity towards  the  thorax  is  increased. 

The  above  account  of  the  mechanical  process  of 
respiration  will,  I  conceive,  be  found  sufficient  to  ex- 
plain all  the  phenomena,  without  having  recourse  to 
any  occult  agents  or  any  gratuitous  suppositions, 
and  is  the  one  which  is  now  adopted  by  the  most 
judicious  of  the  modem  pliysiologists.  But  it  was 
not  until  after  many  premature  and  imperfect 
attempts,  nor  without  numerous  and  even  violent 
controversies,  that  the  correct  theory  was  established. 


*  An  elaborate  account  of  the  elfect  of  the  contractlou  of  these 
muscles  may  be  found  in  Boerhaave,  Pn^Ject.  t.  v,  p.  1, 
§  613.  .7,  and  in  Haller,  EL  Phys.  viiL  L  17. ,  25.  The  follow- 
ing authors  may  be  also  consulted  on  the  mechanism  of  respira- 
tidn;  BorelJl,  p*  2.  prop.  81_95;  Bellini  de  Urin*  et  Puis, 
Introd.  de  Respiratione;  Senac,  Mem.  Acad,  pour  1721-;  Wins- 
low,  Ibid,  pour  1738,  p.  65;  also  Anatomy,  sect*  3.  art.  15  ; 
Dumas,  Physiol,  par.  3.  sect.  2.  c.  4;  Magendie,  Physiol. 
t,  iL  p,  267.  et  seq. ;  the  opinion  of  this  last  author  differs  con- 
siderably from  that  of  Hallor,  on  the  motion  of  the  ribs,  and  the 
share  which  they  have  in  the  increase  or  diminution  of  die 
ch«Jt.  ^^" — ^^  ^ 


Histort/  of  Opiniom, 

While  the  pliysical  properties  of  the  air  were  little 
understood  J  it  was  natural  that  many  errors  should 
prevail  respecting  the  action  of  the  atmosphere  on 
the  human  body,  and  while  the  ablioiTence  of  a 
vacuum  was  assigned  as  the  cause  of  many  of  the 
grand  operations  of  nature,  we  cannot  be  surprised 
that  it  fihoidd  be  supposed  to  assist  in  respiration. 
Boyle  appears  to  have  been  the  first  who  explained 
upon  correct  principles  the  cause  why  the  air  enters 
the  lungs  ;  ^  but  his  simple  doctrine  was  not  relished 
in  that  age  of  refined  hj^othesis,  where  every  thing 
was  to  be  explained  by  sonic  abstruse  mathematical 
problem,  so  that  for  nearly  a  century  after  he  wrote, 
a  number  of  learned,  but  unfounded  speculations,  con^ 
tinned  to  prevail  upon  the  subject/ 

An  opinion  wliich  was  supported  by  high  authority, 
:md  had  direct  experiments  adduced  in  its  behalf, 
ren  by  Hales,'^  was  the  existence  of  a  quantity  of  air 


9  He  remarks  tliat  il  had  long  been  a  subject  of  cantroversy, 
whether  tlie  organs  of  respiration  acted  like  bellows,  into  which 
die  air  ruahed  because  they  are  expanded^  or  like  a  bladder, 
which  expands  because  the  air  is  farced  into  it ;  he  decides  that 
ilie  thorax  acts  Uke  beHowij  and  the  lungs  like  a  bladder.  The 
Tungs  having  no  muscles^  must  necessarily  be  passive ;  ttie  dia- 
phragtii  is  supposed  to  be  the  great  agent  in  the  expansion  of  the 
thcst;  Works,  v.  i.  p.  101.  See  also  Franc,  de  le  Boe  Sylvius, 
Opera^p.  16;  Borclli,  par.  2.  prop.  82,  83;  Mayovr,  Tract.  j>- 271, 
et  sc*4.  ;  Charlcton,  (Econ*  Anim.  Exercil.  8*  }  8. .  U  ;  Swam- 

^^       merdam»  de  Uefpiralione,  sect.  L  c.  n, 

^H  *  Baglivi,   Op'  p.  454;    FloadJey's  Lect.   p.  12;    Bremotid» 

^^        Mem.  Acad,  pour  1739,  p-  355. 

^_  ^  Sut*  Essays,  v.ii.  p.  81* 


Uhtor^  of  Opiniotts. 

m  tne  ravlty  of  tbe  chest,  which  by  its  elasticity 
compressed  the  lungs,  and  thus  produced  expiration. 
According  to  another  opinion,  at  one  time  very  pre- 
valent,  the  lungs  were  furnished  with  a  number  of 
pores,  through  which  a  portion  of  the  air  passed  and 
was  again  absorbed,  in  the  different  states  of  inspi* 
ution  and  expiration  ;  ^  but  later  observations  have 
decided  against  the  existence  of  these  passages.  Most 
of  the  older  anatomists  spoke  of  the  lungs  as  possess- 
ing some  kind  of  innate  motion,  by  which  they 
altcraatcly  drew  in  and  expelled  the  air ;  but  this 
pinion,  although  various  experiments  were  adduced 
its  fiivour,  has  been  generally  discarded,  as  mus- 
lar  fibres  have  not  been  detected  in  the  lungs/ 

Boerhoave,  PTeBlect.  U  v,  par*  I*  notee  ad  §  606;  Hales  is 

iocUned  ta  believe  in  the  exbtence  of  these  paa^ages^  Slal* 

EcHijs,  V,  1.  p*  S35. 

*  Although  the  most  accurate  modem  anatomists    do  oot 

>  of  the  exi&teoce  of  muscular  iibres  in  the  lungs,  some  of 

!  older  physiologisti  conceived  that  they  had  demonstrated 

beir  ewtence ;  see  Willis,  Pliarm.  Rut,  p*  9  ;  Malpighi^  in  PhiL 

for  157l»  p.  2150;  Bremond,  Mem,  Acad*  poor  1739, 

S5S,  et  8eq.     It  Is  to  be  presumed  that  these  authom  were 

i  by  a  false  hypothesis,  which  caused  them  to  believe  that 

!  Jtuigs  required  a  muscular  structure  in  order  to  perform  the 

lion  of  respirationt  and  aflerwaixls  supposed  that  they  were 

4e  to  detect  it.     Darwin,  as  appears  by  certain  p^sages  in 

tie  Zooai>mia»  still  adheres  to  the  old  opinion;  v.  L  p.  40  ;  and 

ii*  p«  50 ;    but  with  all  respect  for  the  genius  and  literary 

it  of  thi6  writer,  he  possesses  no  authority  on  a  question  of 

iiical  fact.     We  hnd  the  same  opinion  also  maintained  by 

}iiinaif  Pbysioi*  par.  S*  sect,  2.  c.  S.  I,  ill*  p«  51.  et  soq.    I  am 

ifare  Hkewi^t?  tliat  Ucisseisseo  has  announced  the   exiatcnce 
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and  we  are  acquainted  with  no  other  method  in 
which  animal  motion  can  originate. 

When  the  hings  are  removed  from  the  body,  and 
the  trachea  remains  open,  they  generally  collapse  and 
arc  contracted  into  a  smaller  space  than  they  occupied 
while  in  the  cavity  of  the  thorax.  This  has  been 
ascribed  to  the  re-action  occasioned  by  the  elasticity 
of  Uieir  cartilaginous  and  membranous  parts/  which, 

of  muscular  fibres  connected  witli  the  bronchia ;  Edin.  Med. 
Joum.  V.  XX].  p*  450;  but  it  nmy  be  prudent  to  withhold  our 
assent  to  the  supposed  discovery  untU  it  has  been  confinDed  by 
other  anatomists.  See  article  '*  Poumons ''  in  Diet,  iscienc* 
Med.  p,  512,  527>  by  Mootfakon.  It  may  be  necessary  to 
remark  that  Ilaller  applies  the  term  "caro**  to  designate  the 
substance  of  which  the  lungs  are  composed;  El,  Phys*  viii.  2.  26  ; 
but  It  does  not  appear  that  the  ancienlSi  or  the  older  of  the 
moderos*  intended  to  express  by  this  word  what  we  technically 
call  muscular  flesh :  Pliny  speaks  of  the  ••  caro  "  of  plants, 
NaU  HisL  hb.  xvu  c-  38* 

i  Tlie  diminution  in  the  bulk  of  the  lungs,  when  the  lhora«  is 
laid  opehp  has  been  always  ascribed  to  their  elasticity,  but  in 
their  ordinary  state,  suspended  as  it  were  in  a  vacuum,  and 
consequently  having  the  pressure  of  the  atmosphere  removed 
from  them,  this  power  can  only  operate  ua  an  additional  quan- 
tity of  elasticity  imparted  to  the  parietcs  of  the  thorax.  1  con- 
ceive that  the  reasoning  of  Dr.  Carson  on  this  subject  is  not 
well  founded.  His  experiments,  made  with  a  view  to  ascertain 
the  amount  of  the  elasticity  of  the  lungs,  he  candidly  confesses 
to  be  imperfect  in  the  execution ;  nor  do  1  think  the  mode 
which  he  employed  for  this  purpose  will  be  found  competent  to 
the  end  in  view  ;  PbiJ.  Trans,  for  1820,  p.  29.  et  seq.  When 
the  lungs  collapse  they  discharge  a  portion  of  air,  this  will  pass 
mto  the  globe  which  he  employed,  and  expel  a  port  of  the 
into  the  connected  tube.    But  before  wo  can  obtain  in 
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while  in  the  body,  had  been  retained  iu  a  state  of 
over-distention,  iu  consequence  of  the  pressure  of  the 
internal  air,  not  being  balanced  by  any  air  between 
the  pleura?*  Boerhaave  and  Haller  attribute  part  at 
least  of  this  effect  to  the  contraction  of  the  muscular 
fibres  of  the  trachea  and  bronchia,*^  but  it  must  be 
observed,  in  opposition  to  such  great  authorities,  that 
the  contractile  power  of  the  lungs  remains  for  a  con- 
siderable time  after  their  removal  from  tlic  body,  and 
cannot  therefore  depend  upon  a  cause  which  must 
cease  with  the  vitality  of  the  part* 

Few  subjects  in  anatomy  and  physiology  have 
caused  more  violent,  and  even  acrimonious  disputes, 
than  the  nature  of  the  action  of  the  iutercostal  mns- 
cle^.^  Between  each  of  the  ribs  are  two  distinct 
layers  of  muscular  fibres,  which  are  situated  obliquely, 
but  in  an  opposite  direction,  so  as  to  decussate.  It 
was  the  general  opinion  of  the  ancients,  that  the  ex- 
ternal layer,  when  it  contracted,  would  raise  the  ribs, 
and  consequently  en  crease  the  capacity  of  the  thorax, 
but  that  the  intenial  intercostals  would  depress  the 
ribs,  and  of  course  diminish  the  size  of  the  cliest. 


Ihis  way  a  measure  of  the  elastic  force  of  the  lungs,  we  must 
ascerlain  the  proportion  whieh  their  bulk  bears  to  that  of  the 
globe,  and  thb  to  the  quantity  of  air  expelled  from  the  lufigs. 
Dr.  Elliotson  has  Inadvertently  attributed  the  collapse  of  ttie 
lungt^  when  the  thorax  is  opened^  to  the  same  cause  which 
produces  ordinary  expiration  ;  Trans,  of  Blumenbach,  Note  B. 
p.  S2. 

*  Boerhaave^  Proetect.  §  602.  et  notie. 

f  See  Haller,  EL  Phys.  viii.  1,  13;  Duraas,  Physiol,  par,  3* 
•eel,  ^*  €.  4. 
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Mayow,  who  in  so  knany  respects  outstript  tlie  science 
af  hi«  contemporaries,  and  wlioec  works  afterwards 
became  so  remarkably  neglectetl,  appears  to  have  been 
tbt!  first  who  adopted  the  opinion^  that  both  sets  of 
intcrcoHtahi,  by  their  contraction,  must  raise  the  ribs, 
and  thus  encreasc  the  size  of  the  thorax.^  But  his 
experiments  and  reasoning  were  either  not  attended 
tOf  or  failed  in  producing  conviction,  for  the  old 
opinion  appears  to  have  been  generally  entertained, 
initil  the  middle  of  the  last  century.  The  doctrine 
of  Mayow  was,  however,  zealously  embraced  by  Ha!- 
ler,*  aud  since  his  time  has  been,  for  the  most  part, 
ac<|uie8ced  in*'     But  it  is  generally  supposed  that,  in 

*  Tract-  p.  278.  et  seq.  It  is  stated  by  Winalow,  Mem.  Acad, 
pour  1758,  p,  92.  and  by  Haller,  El  Phys.  8.  1,  1*.  that  Fabrl- 
ciut  hud  previously  announced  the  same  opinion,  but  by  refer- 
ring to  hts  IreatiieDe  Respirationc,  p.  176,  7,  it  appears  that  he 
unequivocally  supports  the  old  doctrine. 

«  lloerhnave,  Prcelect.  t.  v.  par.  1*  §  61^  et  noten  ;  Haller,  EU 
riiyn.  viii.  1.  \2*  et  seq.  ct  viii.  4-*  9.;  an  account  of  his  experi- 
nicnts  on  the  subject  is  contained  in  his  Op.  Min,  1. 1,  p,  270. . 
29!l.  Hoadloy,  Lcct,  on  Rejpir,  p.  5., 8,  and  Hamberger 
were  among  tbr  most  Ecalous  defenders  of  Hic  old  doctrine; 
tlie  latter  appears  to  have  maintained  it  with  a  degree  of  vehe- 
tuouca  quito  dis proportioned  to  the  importance  of  the  object,  if 
wt  tufty  rely  upon  the  complaints  of  Haller^  EL  Phys.  viii.  1,  IS. 
Sftbftlior  takes  a  directly  opposite  view  of  tJie  subject,  and  sup- 
|ioieft  that  both  sets  of  intercostal^  will  have  the  effect  of  de- 
prosfting  ilio  ribs  ;  Mein.  Acad<  pour  1778,  p.  3i7  ;  alio  AEiat« 
^^  U  ill,  p.  46i>. 
^^K  1  It  woutd  appear  that  Sccmmcring  still  entertains  sonic  doubta 

^^  raqkacltog  the  acUon  af  these  muscles :  after  describing  the  in* 

I  Icrnal  imarcostals,  and  stating  that  their  iflecl  will  be  the  same 

i  with  that  of  the  citemals,  vi«.  to    raise    the    low«r   tairarda 


THaphragm, 


Drdinary  respiration,  the  intcrcostals  arc  not  toucIi 
[employed,  except  for  the  purpose  of  fixing  tlic  ribs, 
land  that  it  is  only  in  eases  of  violent  action  of  tlie 
Lrespiratory  organs,  or  where,  from  accident  or  disease, 
I  their  ordinary  action  is  impcdal,  that  tliesc  muscle 
►  have  any  effect  in  encrcasing  the  size  of  the  thorax.^  . 
The  nature  of  the  diaphragm,  its  muscular  action, 
1  and  its  importance  in  the  mechanism  of  respiration, 

were  but  imperfectly  understood  by  the  ancients.   By 

*  the  upper  ribs^  and  consequently  lo  dilate  the  chest  and  serve 
for  inspiration,  he  asks,  *'  an  costas  deprimunt  ?  "  Corp.  Hum, 
Fab,  tJii.  p.  177.  Murat^also,  the  writer  of  the  article  **  Inter- 
cottals,''  in  the  Dict^  Scienc.  Med.  conceives,  that  although  ilic 
effect  of  both  sets  of  intercostals  must  be  tlie  same,  and  that  this 
generally  h  to  raise  tiie  ribs,  and  consequently  to  expand  the 
cheil,  yet  that  under  certain  circumstances,  as  where  the  false 
ribs  are  fixed  by  the  action  of  the  abdominal  musclea,  the  con- 
traction of  the  intercostals  must  depress  the  ribs,  and  thus  con- 
tract the  che«t.     The  present  Prof.  Monro  has  committed  a  sin- 

^  gular  oversight  in  asserting  that  his  *'  Father  discovered,  that 
both  strata,"  the  external  and  internal  Intercostals»  '*  are  sub- 
servient to  the  elevation  of  the  ribs;"  Elements ¥•  ii,  p*9*;  an 
oversight  the  more  reniarkablei  as  in  a  previous  passage  of  the 
same  work,  v.  ii  p.  371.»  he  had  correctly  attributed  the  dis- 
covery to  Mayow. 

3  The  older  anatomists  were  aware  of  the  existence  of  caseSi 
where  the  cartilages  of  the  ribs  were  ossified,  so  as  to  prevent  the 
action  of  the  intercostals,  without  any  material  impediment  to 
respiration.  Winslow  ubi  supra  ^  Fabricius  de  Respir,  c.  10.  sub 
fineni.  For  farther  information  on  this  subject  the  readier  may 
consult  Borelli,  par.  2.  prop,  SL.  95*  Bellini,  lem.  IL;  Senac, 
Mem.  Acad,  pour  1724;  Winslow,  idem  pour  ITSS;  also  Anat. 
Sect,  9.  §  6;  Boerhaave,  Inst.  §  615;  ditto  Praelect  passim; 
Haller,  El  Phys,  Hb.  viij.  passim  ;  Dumas,  Physiol,  par.  3*  §  2. 
c.  4  ;  Richeraml,  PhysioL  p.  199.  et  seq. 
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Minute  Struct ure  of  the  hungn* 


some  it  was  supposed  to  possess  a  kind  of  inclcpeiitleiit 
life,  by  others  it  was  thought  to  be  the  seat  of  the 
I  soul,  and  it  was  generally  regarded  as  possessed  of 
Bome  very  mysterious  or  inexplicable  power,  until 
Fabricius,  at  the  beginning  of  the  seventeenth  cen- 
tury, explained  its  action  and  properties  upon  correct 
principles;^  It  is  now  universally  regarded  as  the 
great  agent  by  which  the  siae  of  the  cavity  of  the 
thorax  is  regulated  ;  in  its  natural  or  relaxed  state, 
it  is  arched  up,  so  as  to  diminish  the  capacity  of  the 
diest,  whUe  this  is  necessarily  eocrcased,  when  it 
is  flattened  by  the  contraction  of  its  muscular  part/ 

Malpighi,  to  whose  researches  we  are  indebted  for 
our  knowledge  of  so  many  parts  of  minute  anatomy, 
appears  to  have  been  the  first  who  described  the  struc- 
ture of  the  apparatus  by  which  the  air  is  distributed 
through  the  lungs  and  is  enabled  to  act  upon  the 
blood,'  and  the  description  which  he  gave  of  the 
parts  has  been  generally  supposed  to  be  correct.  8uc- 
ceeding  writers,  as  is  too  frequently  the  case,  while 
they  have  professed  to  adopt  the  ideas  of  their  pretle- 
cessors,  have  indulged  their  imagination  in  inventing 
a  disposition  of  the  parts,  which  cannot  be  found  in 

5  De  Respiraiiotie,  lib.ii.  c*8. 

4  For  an  accurate  description  of  die  diaphragm  and  its  action 
and  U8e9,  ae  well  ai  for  a  veiy  copious  litt  of  all  that  had  been 
published  concerning  it  before  his  time,  Haller's  treatise  in  his 
Op.  Min.  t-  i,  p.  2+9,  may  be  consulted,  as  also  hia  experimenta 
on  the  motion  of  the  diaphragm  lu  living  animals.  Ibid,  p,  293. . 
500*  et  Mem.  sur  Isi  Pm.  irriL  et  sem.  t*  i.  p.  65.  et  leq. 
Sec  Albinus's  Tab.  mu«c.  No.  14.  fig.  4.  5*6.  7. 

1  Eptst.  de  Fulmf>nibu«,  i. 


J 


Minute  Structure  of  the  Lungs, 

the  original  account  of  them,  aod  which  has  prohably 
no  actual  existence.  Willis,  for  example,  gives  a 
re  of  a  portion  of  the  limgs,  according  to  which 
they  consist  of  a  congeries  of  rounded  vesicles,  sepa- 
rated from  each  other,  and  every  one  of  tbcm  provided 
with  a  distinct  tube,  so  as  to  resemble  a  bunch  of 
grapes/  a  structure  which  has  probably  no  exist- 
ence/ On  the  other  hand,  Helvetius  endeavoured  to 
prove  that  the  bronchia  terminate  in  a  cellular  or 
spongy  tissue,  composed  of  a  membranous  substance, 
the  cells  of  which  have  no  determinate  figure  or  regu- 
lar connexion  witli  each  other. '^  But,  upon  the  whole, 

^  Pharm,  Hat.  p.  2»  tab.  3.  fig,  1.  Cheselden,  Anatomy,  p« 
173i  remarks  upon  Willis's  description,  that  it  is  **  imaginary 
and  false^  as  he  could  not  byt  have  known^  if  he  had  ever  made 
the  least  inquiry  into  the  lungs  of  any  animal.'^ 

7  MaJpighi's  description  of  the  parts  is  as  follows:  '*  Diligenti 
mdagme  inveni  totam  pulmonum  raoleni,  qucc  vasis  excurren- 
tibus  appenditUFy  esse  aggregatum  quid  exlevissimts  et  tenuissimig 
membraniSi  qua^  extenso:;  et  ^muatee  penc  infinitas  yesicula^ 
orbictilaresi  et  sinuosas  efforraant,  veluti  in  apum  favis  alveotis 
ab  extensa  cera  in  parietes  conspicimur,"  '*  MembranaE  istaj  vesi- 
culae  videntur  efforroari  ex  desinentia  trachece,  quee  extremitatCt 
et  bieribus  in  ampullosos  sfnus  iace^sens,  ab  his  in  spatia,  et 
vesiculas  ino&quales  terminantor,"  ^ee  plate  to  the  Epist*  de 
Pulm. 

*  Mem.  Acad,  pour  171S.  p*  18.  Helvetius  appears,  however, 
to  have  been  influenced  in  his  opinion  by  the  texture  of  the 
lungs  m  the  amphibia,  which,  as  ihey  dilier  from  the  human  in 
the  relative  sizes  of  the  component  parts,  may  do  so  likewise  in 
the  connexions  of  these  with  each  other.  An  account  of  the 
characteristic  difference  between  the  lungs  of  the  warm  and  the 
cold-blooded  animals  may  be  found  in  SShaw's  Lecturesi  v.  ii, 
p.  2,3. 

voir.  II.  C 
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iibib  most  probable  opinion  seems  to  be  one  of  M 
intemietliate  nature,  that  there  are  separate  groups  of 
cell?,  which  arc  connected  together,  while  these 
roups  are  themselves  distinct,^ 

9  Haller's  general  description  of  the  lungs  is  contained  In  EK 

Phys.  viii,  2.  D, .  13  ;  hl&  account  of  their  minute  stmcture^  ibid. 

1^. .  30<  He  givea  an  ample  detail  of  the  controversy  concerning 

[the  question,  whether  air  that  is  impelled  into  the  bronchial  tubcs^ 

I  can  pass  into  the  intervals  between  the  lobules,  and  the  reverse ; 

lllie  authorities  as  to  tbe  fact  appear  to  be  nearly  balanced,  J  26; 

L  but  it  may  be  suspected  y  that  when  the  transmission  doeii  takeplacej 

[it  is  in  consequence  of  the  rupture  of  a  portion  of  the  delicate 

f  cellular  membrane,       Haller  himself  inclines  to  the  opinion, 

I  that  tbe  cells  do  communicate,  but  that  there  Is  no  commimica* 

[tioo  between  the  lobu1c3,  §30.     With  respect  to  the  figure  of 

^thecoll8»  Hales  says  that  they  appear  in  the  microscope  to  be 

'iphcrical;  Stat*  Ess*  v.  i.  p.  2il.     Monro  Secundus  supposed 

that  (he  lungs  arc  composed  of  cells,  In  which  the  bronchia  ter* 

minatc,  but  that  the  eetls  communicate  with  each  other^  and 

that  this  \s  likewise  tlie  case  with  the  lobules;   Elements  o( 

Anat.  ?•  tf.  p.  89.  et  seq.     See  also  SprengeU  I^U,  Med.  ]ib«  i. 

ftft.  4*i«ct  !•  p.  450^  and  Boycr*  Anat,  t.  iv,  p*  263,  who  appear  to 

[idnpt  the  opinion  of  Haller.     For  what  may  be  regarded  as  the 

current  opinion  among  the  French  respecting  the  structure  of 

tthe  lun^,  see  the  4ih  voL  of  Dichat,  Aoot.  Descrip,  p.  69* 

written  by  Buisson,  who  supplied  the  last  portion  of  the  work, 

which  was  left  imperfect  by  the  premature  death  of  his  prccep- 

for:  also  the  article  **  Respiration,'*  p.  1%  by  Chaussierand 

^Adelon,   in  t!.e  Diet.  Scienc-   Med,  published  in   1820;  also 

^Dumas*  rhyeiol.  p,  3,  §  2.  c.  2*  p.  45, .  50.     Sceramering,  Corp, 

Hum.  Fiib.  t«  vj.  $  14,  supposes  that  the  indiTidual  air  cells  are 

[  iepamte  from  each  other,  but  that  they  all  communicate  by  tho 

[bronchial  tubes ;  Magendie,   like  Helvetius*  conceives  that  the 

j  lungs  are  composed  of  a  spongy  substance,  the  colls  of  which 

f freely  comroumcate  with  each  other;  Physiol*  t.  li*  p*  262,  « 

•(ft;  Joum,  PhysioL  L  i.  p.  79 ;  and  llichcrand,  Physiol,  p,  206, 
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But  whatever  may  be  our  opinion  respecting  the 
se  form  of  the  vesicles,  or  the  mechanical  con- 
nexion which  there  is  between  the  air  cells  and  the 
blood-vessels,  we  know  that  the  parts  arc  so  arranged, 
as  to  enable  the  air  and  the  blood  to  act  upon  each 
other,  by  the  blood  Ijeing  divided  into  a  great  num- 
ber of  small  portions,  and  thus  expose  as  large  a 
surface  as  possible,  and  by  being  separated  from  the 
air  merely  by  the  interposition  of  a  very  delicate 
membrane/  The  extent  of  the  surface  of  the  mem- 
brane lining  the  cavity  of  the  air  vesicles,  must  neces- 
Barily  be  very  considerable ;  but  with  respect  to  the 
estimates  which  have  been   made  of  it  by  Keill,^ 


BtkyA^  that  mo6t  anatamifits  adopi  tlie  opinion  of  Helvetiiis, 
an  assertion  which  appears  to  be  scarcely  warranted-  lilumeo* 
bach  considers  the  cells  as  being  unconnected  with  each  other; 
PhysioL  §  139;  and  this  appears  to  be  the  opinion  of  Cuvier; 
Tab!.  Elem*  p*  41,  2*  For  a  very  complete  investigation  of  the 
structure  of  the  lungs  we  are  indebted  to  Keissessen,  who  seems 
to  have  examined  the  parts  with  the  greatest  minuteness.  He 
describes  the  vesicles  as  the  closed  terminations  of  the  bronchial 
tubes,  possessing  a  cylindrical  and  somewhat  rounded  figure  ; 
he  states  that  they  do  not  communicate  with  each  other,  or  with 
the  cellular  substance  in  which  they  are  enveloped.  Edin,  Med, 
Joum.  V.  x\u  p.  44*8.  et  scq.  There  is  a  peculiarity  in  the  circu- 
ition  of  the  lungs,  which  appears  to  have  been  first  announced 
by  Reissessen,  and  is  confirmed  by  the  present  Prof  Monro, 
Elements  of  Anatomy,  v.ii.  p.  96,  that  there  is  a  direct  com- 
munieation  between  the  bronchial  artery  and  t!ie  pulmonary 
?em,  80  that  the  greatest  part  of  the  blood  which  is  conveyed  to 
the  lungs  by  the  former  vessel  is  retained  by  the  latter ;  Edin* 
Med,  Journ.  v.  xxi.  p.  4Ji,  et  set|. 

'  CuVfeTj  Le^.  d'Anat  Comp.  t.  iv.  p.  298. 

i  Tent,  Med.  Phys.  p.  80. 
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Hales;^  and  other  physiologists  of  the  last  century, 
there  is  reason  to  suppose  that  they  are,  in  a  great 
measure,  imaginary ;  nor  do  we  appear  to  have  any 
data  from  wliich  wc  can  form  a  more  correct  conclu- 
8ion.* 

Many  attempts  have  heen  made  by  pliysio- 
logists  to  ascertain  the  quantity  of  air  taken  into  the 
lungs  by  a  single  inspiration,  AU,  however,  that 
we  can  obtain  on  this  point  is  the  average  quantity; 
for,  as  was  remarked  above,  the  action  of  the  chest 
is  m  far  imder  the  control  of  volition,  that  we  are 
able  to  receive  into  it  at  pleasure  very  diftbrent  quan- 
tities of  air.  There  is  also  a  considerable  difterence 
in  different  individuals  with  respect  to  the  size  and 
form  of  the  chest,  and  it  is  also  probable  that  pecu- 
liar states  of  the   constitution,  and  perhaps   even 

a  StaUEss*  V.  i.  p.  24rL 

<  An  interesting  account  of  the  comparative  anatomy  and 
mechanism  of  the  respiratory  organs  in  the  five  classes  of  the 
mammah^at  birdtf,  araphibia»  iiiihes,  and  insects,  is  given  by 
J.  Bell,  Anat.  v.  ii.  p.  133. .  168.  It  is  written  in  that  interest- 
ing and  impressive  manner,  which  is  so  characteristic  of  his 
works,  although,  in  certain  points,  it  is  not  technically  correct. 
We  have  a  very  valuable  article  on  the  respiration  of  birds  m 
Keea's  Cyclop. ;  see  also  Hunter  on  the  tame  subject  in  Phil. 
IVatis*  for  n?-!",  p-  205,  ct  seq. ;  he  endeavours  to  prove  that 
birds  poiseas  a  proper  diaphragm,  but  unless  wc  use  the  word 
quite  in  a  technical  sense,  it  appears  not  proper  to  apply  this 
term  to  any  part  of  their  thorax.  Cuvier's  "  Le9on8/'  on  ihisj 
as  well  a«  on  every  other  subject  on  which  he  treats,  cannot  be 
too  carefully  studied;  t*  iv.  le^.  26.  passim,  and  Ic^*.  27* 
•ect*  2;  also  Blumenbach*s  Comparative  Anatomyi  g«  li*  with 
Mr*  Lawrence*!  valuable  notes* 
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particular  habits,  may  have  an  effect  upon  the  quan- 
tity of  air  received  into  the  lungs*  And  besides  the 
question  respecting  the  average  bulk  of  a  single 
inspiration,  there  are  three  others  connected  with  it, 
that  are  both  curious  and  important.  We  may 
inquire,  first,  what  is  the  quantity  of  air  left  in  the 
lungs  after  an  ordinary  inspbation,  which  may  be 
considered  as  the  natural  or  quiescent  condition  of 
the  thorax;  second^  what  farther  quantity  we  are 
able  to  expel  by  the  greatest  voluntary  exertion  ; 
and,  lastly,  what  quantity  is  still  left  in  the  lungs 
after  the  most  complete  expiration, 

^Vith  respect  to  the  bulk  of  an  ordinary  inspira- 
tion, the  first  writer  who  attempted  to  ascertain  this 
point  by  experiment  appears  to  ha^  e  been  Borelli ;  ^ 
the  method  wliich  he  employed  was  afterwards  im- 
proved upon  by  Jurin,  who  obtained  results  whicli 
would  seem  to  be  nearly  correct.  By  breathing  into 
a  bladder,  and  making  the  necessary  allowance  for 
temperature  and  pressure,  he  estimated  that  he  took 
into  the  lungs  about  40  cubic  inches.^  Since  his 
time  many  attempts  have  been  made  to  solve  tlie 
problem,  and  results  have  been  obtained  which 
vary  from  a  few  inches  to  above  50.  Goodw)ii 
bestowed  much  attention  upon  the  point,  but  his 
apparatus,  although  more  complicated  tlian  Jurin's, 
does  uot  appear  to  have  been  capable  of  furnishing 

i  De  Motu  Aoim,  p*  2.  prop.  81. 

^^  PhiL  Trans.  No.  355 ;  v,  xxx.  p.  757,  8 1  La  MoUe*s  Ab*  of 
Pbil»  Trans,  v.  i*  p.  415, 
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equally  accurate  results^  at  the  same  time  that  his 
estiraate  involves  some  physiological  positions*  wliich 
are  at  least  very  questionable.  His  apparatus  con- 
sisted of  a  closed  vessel,  provided  with  two  tubes, 
through  one  of  which  he  inspired,  while  the  other 
terminated  iu  a  second  vessel  containing  water; 
when  he  inspired  from  the  closed  vessel,  an  equal 
bulk  of  water  was  dra^ii  into  it  from  the  second 
vessel,  and  J)y  weighing  the  first  vessel  before  and 
after  the  experiment,  the  weight  of  water  raised,  and 
consefiuently  the  hulk  of  air  displaced^  was  ascer-i 
tained/  By  taking  the  average  of  30  inspirations, 
he  concluded  that  the  bulk  of  air  received  in  the 
ordinary  action  of  the  lungs  is  no  more  tlian  14  cubic 
Indies.^ 

But  independently  of  other  considerations^  there 
are  two  obvious  objections  to  this  method  of  ascer- 
taining the  bulk  of  a  single  inspiration  ;  first,  that 
iu  breathing  from  the  closed  vessel,  the  water  being 
raised  from  the  open  vessel  contrary  to  its  specific 
gravity,  a  greater  efibrt  would  be  necessary  to  receive 
the  due  quantity  of  air  into  the  lungs;  and  although 
Ooodwyn  was  aware  of  this  circumstance,  and 
attempted  to  obiiate  it,^  the  nature  of  the  apparatus 
aeems  to  render  this  impossible.  In  the  second  place, 
as  wa«  remarketl  by  Menzies,*  whai  the  mouth  i« 
lemoTOd  from  the  tube,  the  external  aii*  will  iiume- 


7  Connexion  of  life  with  Fe«piraiIoUf  p,  28,  ^  JbiJ,  p.  36* 

9  Ettayi  p*  32,  3.  '  On  HcipimUoni  p.  J3«  9- 
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■diately  rush  into  the  closed  vessel,  and  drive  hack, 
into  the  open  vessel,  a  part  of  the  water  which  had 
been  raised  from  it,  so  to  lead  the  operator  to  under- 
rate the  volume  of  air  taken  into  the  lungs. 

It  will  not  be  necessary  to  enter  into  an  account 

ypi  the  various  experiments  which  were  subsequently 

[perfonned  upon  this  subject,  because  they  may  be 

[legarded  as,  in  a  great  measure,  superseded  by  those 

[of  Menzies,  which  appear  entitled  to  the  greatest 

[confidence,  both  from   the  nature  of  the  apparatus, 

land  from  the  uniformity  of  the  results.     He  employed 

[an  allantoic],  of  the  capacity  of  2400  cubic  inches,  to 

which  was  fixed  a  tube  furnished  with  two  valves,  so 

that  the  air  of  inspiration  was  kept  distinct  from  that 

|®f  expiration.     He  breathed  into  the  allantoid  until 

lit  was  filled,  and  found  that  each   expiration  was 

[lomewhat  more  than  40  cubic  inches :  he  confirmed 

the  result  by  attaching  to  the  other  tube  a  second 

allantoid  filled  with  air,  from  whicli  he  inspiretl,  and 

Ifound,   in  like  manner,    that   the   amount  of  each 

tinspiration   corresponded   nearly   with    his   previous 

estimate  of  a  single  expiration.     He  then  instituted 

a  set  of  experiments  of  a  different  nature ;  a  man 

was  immersed  above  the  chest  in  warm  water,  the 

[top  of  the  vessel  being  furnished   witli  a  tuboj  by 

[the  rising  or  falling  of  tlie  water  in  which  any  alte- 

[ ration  was  rendered  visible  in  the  btdk  of  the  body, 

I  After  using  every  precaution  to  ensure  accuracy,  he 

had  the  satisfaction    to  find  that   his   experiments 

remarkably  corresponded  with  each  other,  and  also 
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with  those  of  Juriu,  making  the  average  bulk  of  a 
single  inspiration,  40  cubic  inches,^ 

The  quantity  of  air  emitted  from  the  lungs  being 
very  much  under  the  control  of  the  will,  it  follows 
that  we  arc  still  able  to  expel  a  considerable  portion 

^  On  Respiration,  p.  2k  .30-  Althougli  in  fixitig  the  bulk  of 
a  single  inspiration  at  ^tO  cubic  inches,  1  have  been  principally 
guided  by  the  experiments  of  Menzies,  yet  it  may  be  proper  to 

'  itate  that  many  other  eminent  physiologists  have  given  their 
sanction  to  this  estimate*  Thiia  i^  the  case  with  Sauvages* 
KosoL  Mellu  1. 1  p*  59(> ;  Hales,  Stat.  Ess.  v.  i.  p.  24^3;  Haller, 
EK  Phys.  viii.  4*  6;  Chaptal,  Chem-  v.  i.  p.  133  ;  J.  Dell,  Anat. 
V.  L  p.  193;  Sprengel,  Inst.  Med.  t.  i.  p.  470;  Scemmering, 
Corp,  Hum.  Fab.  l.  vi*  §  65;  Ellis,  Inqtjiry,  p.  104*;  and  Monro, 

I  (Tert.)  Elements,  v»  ii.  p.  9S*  Richerand  also  estimates  it  at 
between  30  and  40  cubic  inches,  Physiol,  by  Delys,  p.  'i06 ; 
I'ontana  at  3  J,  PhiL  Trans,  for  1779|  p.  349  ;  and  Mr.  Dal  ton  at 

\  SO,  Manch.  Mem.  v.  ii.  2d  ser.  p.  2G.  There  are,  however, 
some  great  authorities  among  the  moderns,  who  have  formed  a 
diHerent  conclusion;  but,  for  the  most  part>  it  appears  to  have 
been  deduced  from  inconclusive  reasoning,  or  from  experiments 
which  involve  some  doubtful  or  obviously  incorrect  principle. 
Sir  H.  Davy  states,  as  the  result  of  direct  experiment,  the  bulk 
of  a  single  inspiration  lo  be  only  13  cubic  inches,  Researches, 
p.  433 ;  white  in  another  part  of  his  work  he  indirectly  estimatef 

fit  at  17  cubic  inches,  p.  410;  Jurine  of  Geneva,  supposes  it  to 
lie  20  inches,  which  Halh',  his  editor,  cousidt^rs  too  large  a 
quantity,  Eucyc.  Mcth^  Art.  Mcdecine,  t.  i.  p«  494;  Mn  Kite 
ilxes  ihe  i|ULUitity  at  17  cubic  inches,  Essays,  p.  47;  Mr-  Aber- 
liothy  at  12,  Essays,  p.  112;  and  Delanietherie  at  even  a  smaller 
f}uantity,  Journ*  Physique,  t*  xlvi*  p.  108.  Metars*  Allen  and 
Pepys  inform  us  that  the  operator  whom  they  employed  in  their 
experiments  took  in  16|  cubic  inches  at  an  easy  inspiration, 

i  Phil*  Trans,  for  1808,  p.  256.  ITie  estimates  that  were  formed  by 
the  ohier  writers  mav  be  found  in  Hafkr,  EL  Plus.  viii.  4*  6. 


Quantify  of  Ah*  nmaining  in  the  Lungs, 

afkcr  an  ordinary  expiration*  The  amount  of  this 
has  been  variously  estimated,  and  it  probably  differs 
much  in  different  individuals ;  from  the  average  of 
some  trials  whicli  I  have  made  upon  myself  and 
others,  and  from  the  statements  which  have  been 
given  by  different  authors,^  I  think  it  may  be  fixed 
at  160  or  170  cubic  inches,  so  to  give  200  or  210 
cubic  inches  as  the  difference  between  the  states  of 
ordinary^  inspiration  and  of  forced  or  extraordinary 
expiration.  It  may  seem  not  a  little  remarkable, 
that  some  physiologists,  who  have  WTitten  expressly 
upon  the  functions  of  the  kmga,  and  even  upon  the 
mechanism  of  respkation,  liave  entirely  overlooked 
this  quantity,  and  ha\'e  estimated  tlie  bulk  of  the 
thorax,  by  adding  together  the  amount  of  an  ordi- 
nary expiration  with  what  is  letlt  in  the  lungs  after 
the  most  complete  act  of  expiration.'' 

From  the  formation  and  structure  of  the  lungs  it 
is,  however,  obvious  that  after  the  most  complete 
and  powerful  act  of  expiration,  we  arc  still  unable 
entirely  to  empty  the  thorax  ;  and  many  experiments 
have  been  made,  to  ascertain  what  is  the  amount  of 
this  residual  quantity,  or  what  is  the  bulk  of  air 
whicli  is  still  left  in  the  lungs.  The  first  experiments 

3  Jurin  fixed  this  quantity  at  2120  cubic  mches,  Phil.  Trans. 

r.xxx.  p.  758;  La  MoUe's  Ah.  of  PhtK  Trans,  v.  i.  p.  4^15  ; 

Menzies,  p.  SI  ;  antl  J.  BeJl,  An  at,  v.  i.  p.  193,  at  70  inches  ; 

•    Fontana  appears   to  roake  it  only  40,  Pliil.  Trans,  for  1779, 

p.  S55. 

*  Goodwyn,  p,  36,7;  Kite's  Essays,  p.  47;  Davy's  Re* 
searches,  p.  411. 
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OH  this  subject^  wliich  are  worthy  of  any  particular 
attention,  are  those  of  Groodwyn,  He  remarks  that 
au  animal,  immediately  before  death,  produces  a 
full  expiration,  and  therefore,  by  ascertaining  the 
capacity  of  the  thorax  in  the  dead  subject,  we  obtain 
a  knowledge  of  the  quantity  under  consideration. 
As  the  diaphragm  is  the  only  part  of  the  chest  which 
remains  moveable,  he  endeavomed  to  fix  it  by  apply-^ 
ing  a  firm  compress  about  the  upper  part  of  the 
abdomen.  An  opening  w^as  then  made  into  the 
thorax,  and  the  lungs  collapsing  by  their  natural 
elasticity,  expelled  the  air  %\hieh  they  previously 
contained,  and  tlius  left  a  cavity  between  the  pleune, 
which  he  tilled  with  water.  This  water  he  conceived 
would  exactly  measure  the  space  previously  occupied 
by  the  air  left  in  the  lungs,  and  taking  the  average 
of  foiir  experiments,  he  concluded  the  quantity  to  be 
109  cubic  inches/ 

*  P.  25»  6,     Mr.  Coleman,  on  the  other  hand,    wlio    per- 

||bniied  experiments  on  dogs,  for  the  express  purpose  of  exa- 

|tt)ining   the  state  of  the  lungs,  af^er  hanging,  found  that  they 

jeontained  only  a  very  small  quantity    of  air.     He  suppoteti 

Itiiat  during  the  violent  struggles  which   precede  death,    the 

lAnicnal  still  retains  the  power  of  expelling  air  from  the  lungs^  ^ 

while  the  pressure  of  the  cord  upon  the  trachea  prevents  any 

from  being  received  ;  On  Respiration,  p.  96. .  8,     In   order  ro 

I  reconcile  this  apparent  contradiction,    Dr.  Skey  ingciuously 

iiiggested,  that  the  Itingi  of  a  man  would,  as  Goodviyn  sup* 

l|ioteip  bo  in  a  suite  of  coniplcte  expiration  from  tlie  mental 

|ijnpret«ion  which  he  must  eji^perience ;  but  that  this  would  not     • 

•ke  place  in  au  animal  tliat  was  unconscious  of  its  fate.     Yet 

Ihii  tuggc»tion  will  scarcely  remove  the  difficulty ;  for,  ia  the 

three  criminals  examined  by  Goodwj^n,  the  lung*  would  sppwr 


Gooduyns  Bxptriments  ;  Ret^mrh  upon  them. 

There  arc,  however,  inauy  objections  against 
Goodi^^Ti's  method  of  ascertaioing  the  capacity  of 
the  lungs  after  a  complete  expiration.  Although  his 
potidou  IB  in  the  main  true,  that  an  animal  makes  a 
complete  expiration  before  death,  it  will  require 
many  restrictions  before  it  can  be  adopted  as  the 
basis  of  a  physiologiciil  calculation.  The  mass  of 
blood  in  the  pulmonary  circulation,  the  action  of  the 
respiratory  muscles,  and  the  state  of  the  vital  powers 
generally,  at  the  moment  immediately  precetling 
death,  may  all  be  supposed  to  produce  a  considerable 
effect  upon  the  size  of  the  chest.  Accordingly  Good- 
wyn  himself,  when  he  examined  Uie  state  of  the  lungs 
after  hanging,  found  the  residual  quantity  of  air  to 
be  v^  much  greater,  amounting  to  260  cubic  inches**' 
This  difference  he  accounts  for,  upon  the  principle, 
that  these  individuals  must  have  expired  under  the 
influence  of  fear,  which  always  produces  a  deep 
inspiration  ;  but  it  may  be  remarked,  that  in  cases  of 
natural  death,  the  same  feehng  exists  in  a  greater  or 
less  degree^  and  must  therefore  produce  similar  effects 
upon  the  capacity  of  the  thorax.  And  fartlier,  it 
would  appear  impossible,  from  the  apparatus  which 
Good  wyn  employed,  so  to  confine  the  chest,  as  that 


to  have  been  very  nearly  in  tlieir  ordinary  state  of  distention, 
while  it  may  be  presumed,  that  although  immediately  previout 
to  executioij,  tlie  thorax,  through  the  effect  of  fear,  might  be 
enlarged  to  hs  utmost  capacity,  yet  during  the  act  of  dissolu- 
lion,  which  is  by  no  means  momentary,  the  same  mechanical 
struggle  must  probably  take  place  in  manj  as  in  another  aiumal. 
*  P.  26,  7. 
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ulien  the  water  was  admitted  between  the  pleura?, 
the  diaphragm,  or  the  parts  connected  with  it,  might 
not  be  dispkced,  or  caused  to  protrude  into  the 
abdomen.  Mr,  Coleman  also  observes,  that  after  a 
complete  expiration,  the  diaphragm  is  raised  as  high 
as  the  fourth  or  fiftli  ribs,  a  situation  in  which  it 
would  be  Ix^yond  the  reach  of  any  compression  which 
could  be  exercised  upon  it  by  the  bandage,  and  that 
the  pressure  of  the  water  within  the  thorax  would 
likewise  cause  the  ribs  themselves  to  descend^  and 
consequently  draw  down  the  whole  substance  of  the 

^^       diaphragm,^ 

^1  But  there  is  a  still  more  decisive  objection  against 

Gooihvyn's  estimates,  that  it  proceeds  upon  the  prin- 
ciple of  a  complete  collapse  of  the  lungs  being  pro- 
duced by  the  admission  of  w*ater  into  the  ciivity  of 
the  tliorax.*  A  considerable  pressure  would,  no 
doubt,  in  this  case  be  exercised  upon  the  surface  of 
the  lungs,  which  will  produce  a  material  eon- 
traction  of  their  bulk*  but  it  cannot  obliterate  the 
cavities  of  tlie  bronchial  vesicles,  an  effect  which 
must  take  place  before  all  the  air  can  be  expelled. 
Hoth  from  the  shape  and  texture  of  these  organs,  as 
w^ell  as  from  actual  experiment,  we  know  that 
scarcely  any  degree  of  external  force  can  so  far 
evacuate  the  lungs,  as  to  render  them  specifically 
heavier  than  water,  a  J*tate  which  it  is  iHfficult  to 
produce,  even  by  means  of  the   air-pump,'*     From 

7  On  Uespiration,  p.  89.  •  Essay,  p.  2i. 

9  Bocrhaave,  Prarlect.  t,  v.  p.  2*  not  ad*  §  681 ;  Petit,  Mem. 
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these  considerations  we  may   fairly   conclude,  that       ^ 
Goodwyn's  estimate  of  the  capacity  of  the  lungs  after       ^M 
a  complete  expiration,  is  too  low,  and  that  we  shall 
be  in  no  danger  of  over-rating  the  quantity,  if  wc 
suppose  it  to  be  120  cubic  inches. 

The  problem  respecting  the  quantity  of  air  left  in 
the  lungs  after  a  complete  expiration,  has  been  also 
made  the  subject  of  experiment  by  Sir  H.  Davy  and 
by  Mr,  Coleman.  Sir  H,  Davy  proved  by  a  previous 
experiment,  that  when  hydrogen  is  respired  it  under- 
goes no  absorption  or  any  chemical  change,  but  is 
merely  diffused  through  the  air  contained  in  the 
lungsJ  He  then  inspired  a  quantity  of  this  gas, 
after  which  he  made  a  complete  expiration;  and 
having  ascertained  what  proportion  the  hydrogen 
discharged  bore  to  the  other  gases  expelled  at  the 
same  time,  from  the  quantity  of  Iiydrogen  still  left 
in  the  lungs>  he  calculated  what  would  be  the  total 
quantity  of  air  in  the  thorax ;  and  this,  after  making 
a  due  allowance  for  temperature,  he  estimates  at  no 
more  than  41  cubic  inches.^ 

This  estimate  differs  so  much  from  the  result  of  direct 
experiment,  and  appears  to  be  so  incompatible  with' 
what  we  might  suppose  to  be  the  case,  from  consider- 
ing the  anatomical  structure  of  the  thorax,   that  it  is 

Acad.  Scien,  pour  1733,  p.  4;  Allen  and  Pepys  in  Phil.  Trans, 
for  1808,  p.  269;  and  for  iB09,  p.  410,  et  alibi.  Mr,  Dalton, 
however,  conceives  that  the  air  remaining  in  the  lungs  after  a 
forced  respiration  **  cannot  be  much»  and  that  it  is  of  little 
consequence  to  prove  it  exactly »''  Manch.  Menu  v.  ii,  2d  ser* 
p.  26. 
'  Kcscarches*  p.  400. .  9.  » Ibid.  p.  409,  0. 
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impossible  not  to  suspect  some  error  or  fallacy.  And 
I  conceive  we  may  explain  the  difficulty  by  supposing, 
that  the  hydrogen  was  not  uniformly  diffused  through 
the  cavities  of  the  lungs,  a  supposition  which  seemi 
iu  itself  reasonable,  when  we  consider  the  uunutenMl 
and  intricacy  of  the  passages  in  which  the  air  is 
lodged,  and  which  is  confirmed  by  the  experiments 
of  Jurinc,  of  Alessrs.  Allen  and  Pepys,  and  of  Mr, 
Dalton ;  Jurine  received  the  air  of  a  single  inspira- 
tion iu  four  different  ressels,  and  found  the  four  por- 
tions of  air  to  exhibit  different  chemical  properties, 
containing  a  greater  proportion  of  oxygen  aud  a  less 
proportion  of  nitrogen,  according  to  the  order  in 
whieJi  they  were  expelled  from  the  hings  ;  ^  and  the 
same  difference  was  detected  by  Messrs,  Allen  and 
Pepys,  and  by  Mr.  Dalton,  with  respect  to  the  pro- 
portion of  carbonic  acid  in  I  he  different  portions  of 
the  air  of  expiration/  And  if  this  be  the  ease  witli 
the  air  which  exists  in  the  lungs  in  the  natural  pro^ 
MBS  of  respiration,  we  may  conclude  that  it  is  still 
more  likely  to  be  the  case  with  any  extraneous  gas* 
which  is  forcibly  received  into  them.  Hence  it  seems 
'fair  to  conclude,  that  in  the  experiments  of  Sir  H, 
Davy,  tlie  hydrogen  had  not  been  mixed  with  the 

J  Encyc.  Methotl,  Art.  **  Medccme,"  t.  i.  p.  494. 
4  Mewrs*  Allen  ond  Pep^'B  found  llie  fini  portion  of  the  air 
i>icted  from  the  hing9  to  coniain  only  S,  ihe  latter  part  as  much 
8  per  cent  Pliil.  Trans,  for  li*08,  p.  1257.  Mr.  Dedton  infiirmi 
U£  that  the  first  portion  contained  Ti  per  cetit.  of  carbonic  acid, 
nod  bad  lost  4  per  ccnL  of  its  oxygeji«  while  the  Ja^t  portion 
contained  G  per  cent,  and  had  lost  nearly  8,  Manch.  Meni«  t.  ii* 
Sd.  aer.  p.  25,  26. 
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air  in  the  vesicles,  in  the  same  proportion  as  in  the 
larger  trunks  of  tlie  trachea^  consequently  that  he 
operated  upon  a  gas  containing  an  over-proportion  of 
hydrogen,  and  has  hence  formed  too  low  an  estimate 
of  the  total  contents  of  the  lungs. 

The  method  Avhicli  Mr.  Coleman  pursued  appears 
simple  and  direct,  yet  the  conclusion  which  he  formed 
is  still  more  extraordinary-  He  instituted  a  series  of 
experiments  for  the  purpose  of  comparing  the  state 
of  the  lungs  after  drowniug,  with  their  natiu*al  con* 
dition,  and  he  hence  deduced  the  diminution  which 
the  chest  experiences  after  a  complete  expiration. 
For  this  pm-jiose  he  applied  a  ligature  about  the 
trachea  of  an  animal  which  had  been  previously 
drowned,  and  after  detaching  the  lungs  from  the 
lest,  he  pressed  out  all  the  air  which  they  contained 
into  an  inverted  jar  of  water.  He  then  inflated  tha 
lungs,  and  ascertained  the  quantity  of  air  which  they 
were  capable  of  containing  when  they  were  fully  tiis* 

idcd.  The  proportion  which  these  two  quantities 
bore  to  each  other  differed  considerably  in  the  differ- 
ent experiments;  but  the  diminution  was  always 
very  much  more  than  could  have  been  previously 
expected,  even  as  much  as  43  to  L'  As  the  lungs 
completely  fill  the  cavity  in  which  they  are  con- 
tained^ no  reduction  could  take  place  in  their  capa- 
city without  a  corresponding  change  in  that  of  the 
thorax  ;  yet  it  appears  inconceivable  that  the  thorax 

5  On  Respiration,  p.  96. 
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can,  by  any  process,  be  reduced  to  ^\  of  its  ortliiiary 
diinciisions*^ 

It  is  not  easy  to  account  satisfactorily  for  tlie 
residts  of  Mr.  Coleman's  experiments,  but  some  cir- 
uum stances  may  be  pointed  out,  which  will,  I  tbiuk, 
remove  a  part  of  the  ilifficulty.  When  an  animal  is 
in  the  act  of  drowning,  a  sense  of  suffocation  is  expe- 
rienced, which  produces  a  violent  effort  to  expire* 
The  muscles  that  are  connected  witli  the  chest  arc 
therefore  brought  into  strong  contraction,  and  the 
lungs  are  reduced  to  their  smallest  bulk  ;  but  relaxa- 
tion quickly  succeeds,  and  the  elasticity  of  the  chest 
brings  it  back  to  nearly  its  former  dimensions.  The 
external  air  is,  however,  unable  to  enter  the  lungs, 
and,  consequently,  the  air  still  remaining  in  them, 
becomes  highly  rarefied ;  and,  at  the  same  time,  a 
portion  of  the  aqueous  secretion*  which  lines  tlieir 
cavities,  will  b^  converted  into  tlic  gaseous  state. 
After  a  short  time  a  second  effort  is  made  to  expire, 
by  which  a  portion  of  the  remaining  air,  mixed  with 
aqueous  vapour,  is  discharged,  in  consequence  of 
which  the  air  still  left  in  the  lungs  will  be  farther 
rarefied,  and  a  still  greater  proportion  of  aqueous 
vapour  formed.  This  process  will  continue  mitil  the 
contractility   of  the  muscles  is  entirely   destroyed, 

t*  See  Borclli,  par.  2.  prop.  94.  Hallcr,  El.  Phys,  vHL  4.  11, 
eoncelves  it  itupoi^siblc  that  ihc  lungs  could  be  contracted  even 
to  half  their  natural  drmcnstom,  unless  they  were  removed  from 
the  chest  and  deprived  of  air  by  boiling.  See  references  lo 
note  Of  p.  28^  9. 
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and  we  may  presume  that,  at  this  period,  nearly  aU 
the  air  originally  contained  iu  the  lungs  will  he 
expelled,  and  its  place  occupied  by  the  aqueous 
vapour*  Now,  according  to  the  luethod  in  which 
Mr.  Coleraan  performed  his  experiments,  a  great  por- 
tion of  this  vapour  would  be  condensed,  the  moment 
that  the  lungs,  by  being  removed  fiom  the  thorax, 
were  subjected  to  the  pressure  of  the  atmosphere, 
and  any  part  of  it  that  remained,  would  be  destroyed 
in  passing  through  the  water  of  the  inverted  jar- 
And  besides  the  complete  destruction  of  tlic  aqueous 
vapour,  a  considerable  proportion  of  the  permanently 
elastic  gas  contained  in  the  lungs  would  be  carbonic 
acid,  a  part  of  which  would  also  be  absorbed  in  its 
passage  through  the  water.  It  may  be  farther  ob- 
served,  as  in  the  case  of  Goodu-^^-s  experiments,  that 
from  the  form  and  texture  of  the  vesicles,  and  still 
more  of  the  bronchia,  it  is  not  possible,  by  mere 
pressure,  to  expel  all  the  air  which  they  contain.  It 
appears  therefore  evident,  that  Mr.  (Joleman  has  very 
much  imder-rated  the  capacity  of  the  lungs  in  their 
state  of  complete  expiration,  although  it  is  obviously 
impossible  to  ascertain  the  amount  of  the  error/ 


7  Tlie  iame  cause  may  probably  operate,  to  a  certain  extent, 
in  death,  prodoced  by  any  cause,  except  by  hanging;  that  the 
violent  effort  to  expire  wiU  expel  a  portion  of  .air,  the  place  of 
which  will  be  partly  occupied  by  aqueous  vapour,  and  thus 
make  the  residyal  contents  of  the  Inngs  appear  too  small- 
Messrs.  Allen  and  Pepys  estimate  the  quantity  at  108  cubic 
inches;  Phil.  Trans,  for  1809>  p*  412;  this,  I  conceive,  from 
various  considerations  above  statedj  to  be  below  the  average.  In 
VOL.  IL  n 


§^  Cause  ofthtfint  Impirntioth 

From  the  above  data,  whidi,  although  conftsfedlf 
imperfect,  arc  the  beet  which  we  po^seee,  w^  may 
fofm  gome  approximatiou  to  the  knowledge  of  tha 
i^uantity  of  air  contaiued  in  the  lungs  in  thoit  dif* 
fefcttt  states  of  distention.  Assuming  170  cubic 
inches  as  the  quantity  which  may  be  forcibly  expelled, 
and  that  120  will  be  still  left  in  them,  we  fihall  have 
290  cubic  inches  as  the  meastu-e  of  the  lungs  in  thcif 
natural  or  quiescent  state  ;  to  this  quantity  40  cubic 
Inches  are  added  by  each  ordinary  inspiration,  giving* 
UH  330  cubic  inches  as  the  measure  of  ilic  lungs  in 
their  distended  state***  Hence  it  will  appear  that 
about  I  of  the  whole  contents  of  the  lungs  is  changed 
by  each  respiration,  and  that  rather  more  thau  ^  can 
be  expelled  by  a  forcible  expiration*  Siipposing 
that  each  act  of  respiration  occupies  3  seconds,  or 
that  we  respire  90  times  in  a  minute,  a  quantity  of 
k\Y  rather  more  than  2f  times  the  whole  e^ntenta  of 
the  lungs  will  be  expelled  in  a  minute,  or  about 
*000  timens  their  bulk  in  44  hours.  The  quantity  of 
Itlr  re?*pir^d  during  this  period  will  bo  1,132,000  cubic 
incheei^  or  alnrnt  C6(>i  cubic  feet 

There  are  two  curious  subj^ots  of  inquiry,  con* 

nected  with  themeehanism  of  respiration,  which  have 

abutidailtly  exercised   the  ^niua   of  phy^ologii^ts ; 

what  IS  the  cause  of  the  first  inspiration  in  the  newly* 

I  borrt  iufatit,  and  what  is  the  cause  of  the  regular 

'  altcruatious  of  inspiration  and  expiration  during  the 

llnother  part,  indeed,  of  (heir  pipers  tlicy  gtate  HI  cubie  inch&l 
[l«  the  residual  quantUy ;  l*hii*  Trans,  for  1808,  p.  270. 
"35^  Sprengc!,  tm\u  M«^d.  t*  i,  p.iTO. 
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remainder  of  life.  The  first  of  these  queries  was 
proposed  by  Harvey  as  a  probieui  for  the  considera- 
tion of  his  contemporaries,  *'  Quomodo  neinpe 
embryo,"  he  asks,  "  post  septimum  mensem  in  ntero 
mains  perseveret?  cum  tamen  eo  tempore  exclusus 
statim  rcspirct ;  imo  vero  sine  respiratione  ne  horn*- 
lam  quidem  superesse  possit;  in  utero  autem  manens 

pdtra  nonum  mensem,   absque  respirationis  admiui** 

virus  et  sanus  degat/'*     The  question  may 

stated  more  generally,  why  is  the  animal  which 

[lias  once  respired,  under  the  necessity  of  continuing 
the  respiration  without  intermission,  when,  if  the  air 

i%ad  never  been  received  into  the  luugs,  the  same 
inimal  might  have  remained  for  some  time  without 

}  exercising  this  function  ?  ^ 

Many  solutions   were   proposed  of  this  problem^ 

[  depending  upon  principles  which  are  obviously  crro* 
keous,  and  are  now  totally  discarded;  but  the  hypo- 
thesis of  Why  tt  deserves  attention,  on  account  of  the 

Ifeputation   which    it  long   maintained,  in  some  of 

'the  most  distinguished  schools  of  phy9iologj\  He 
observes,  that  before  birth  the  blood  of  the  foetus  is 

[properly  elaborated  by   the  mother,  but  that  when 


9  Exer.  de  Gener-  p.  36L 

»  llicre  is  scarcely  any  opinion  in  p!iysialogy,  however  absurd 

[it  may  appear  at  first  view,  which  has  not  found  some  supporters, 

hftnd  accordingly  attempts  have  been  made  to  prove  that  the 

ctu4  breathes  whilst  still  in  the  uterus.     See  Boyle*s  Worka, 

[cr.  i*  {K  ilOt  lialler,  Kl  Phys.  xxix-  4.  5^ ;  also  Whytt  on  Vital 

Motions,  sect,  9.  p.  HI.  ,114-,  where  the  subject  is  very  fully 

aadjatisfactorily  discussed. 

"*'  D  2 


3ft  Wht/irs  Ht/pothesis, 

the  commimication  is  cut  off,  it  becomes  necessary 
for  the  young  animal  to  produce  the  requisite  chauge 
in  its  fluids  by  means  of  its  owii  respiration.  In 
furtherance  of  this  end  he  supposes  that,  ininicdiately 
;if  ter  birth,  an  uneasy  sensation  is  experienced  in  the 
clicst  from  the  want  of  fresh  air,  which  may  be 
regarded  as  the  appetite  for  breathing,  in  the  same 
manner  as  Irunger  and  thirst  arc  the  appetites  for 
food  and  drink*  To  supply  this  appetite,  the  sen- 
tient principle,  with  which  the  body  is  endowed^ 
causes  the  expansion  of  the  chesty  in  order  to  prevent 
the  fatal  cftects  which  would  ensue,  were  not  the  lungs 
to  be  immediately  brought  into  action.  This  appetite 
for  air  is  supposed  to  commence  at  birth,  because,  in 
consequence  of  the  straggles  of  the  foetus  at  this 
period,  the  circulation  will  be  quickened,  and  an 
additional  quantity  of  blood  will  now  pass  through 
tlic  lungs,  which  stimulates  them  into  action,  and 
seems  to  be  the  immediate  cause  of  this  appetite. 
He  considers  the  exercise  of  the  function  of  respira- 
tion "  as  owing  to  a  peculiar  sensation  of  the  body, 
which  determines  the  mind  or  sentient  principle  to 
put  certain  muscles  or  organs  into  motion,"  With 
respect  to  Han*ey's  problem,  he  regards  it  **  to  be  of 
fco  very  easy  .solution,  that  it  is  not  a  little  surpris- 
ing, tliat  mtkwy  physiological  writers  should  have 
attempted  it  in  vain/*  He  explains  it  upon  the 
'|iriuciple  of  the  change  which  takes  platn;  in  the 
direction  of  the  blood,  the  whole  of  which  now  passes 
through  the  vessels  of  the  lungs,  and  which  would 
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stagnate  in  them^  were  it  not  propelled  through  ther 
by  the  alternate  motions  of  the  chest.* 

Haller  refers  the  cause  of  the  first  inspiration 
the  habit  which  the  foetus  had  acquired,  while 
the  uterus,  of  taking  into  the  mouth  a  portion  of  the 
fluid  in  which  it  is  immersed,  and  supposes  that  it 
still  continues  to  open  its  mouth,  after  it  leaves  the 
mother,  in  search  of  its  accustomed  food ;  the  air 
wiU  therefore  rush  into  the  lungs,  expand  them,  and 
thus  reduce  them  to  the  state  of  a  breathing  animal^ 
in  consequence  of  which  change  they  will  require  a 
regular  supply  of  fresh  air,  to  prevent  the  blood 
from  stagnating  iu  its  passage  from  the  right  to  the 
left  side  of  the  heart;* 

A  somewhat  similar  view  of  the  subject  is  taken 
by  Darwin.  He  coincides  with  HaUer  so  far  as  to 
conceive,  that  the  foetus  acquires  the  power  of  deglu- 
tition before  it  leaves  the  uterus  ;  but  he  remarks, 
that  the  acts  of  swallowing  and  of  breathing  are 
essentially  different*  When  the  foetus  is  separated 
from  the  mother  J  an  uneasy  sensation  is  experienced 
from  the  want  of  air;  to  remove  this  uneasiness  all 
the  muscles  of  the  body  are  called  into  action,  and 
among  others  those  of  the  thorax,  and  the  uneasiness 
being  by  this  means  relieved,  to  use  his  own  expres- 

-  On  Vital  Motions,  sect.  J),  p.  109.  .122.  The  autlior  re- 
marks that  many  physiologists  liave  ascribed  the  first  inspiration 
to  instinct,  but  as  he  dislikes  **  the  use  of  words  whose  meaning 
may  be  obscure  or  indefinitej**  p.  Hi,  he  prefers  the  explana* 
tlon  which  is  given  in  the  text. 
.•j»  EI.  Pbys.  YiiL  5.  2 
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sion,  **  respiration  is  discovered/'  and  the  same 
action  is  afterwards  repeated  when  tlie  same  uneasi-* 
ness  recurs*^  I>r.  Philip  thinks  the  difficulty  may 
be  solved  by  regarding  the  muscles  of  inspiration  as 
entirely  under  the  control  of  the  will,  and  thrown 
into  action  by  the  nneasy  sensation  which  the  young 
animal  experienccB  when  it  is  separated  from  the 
mother,  and  can  no  longer  have  the  necessary  change 
produced  upon  the  blood  by  her  organs.  He  «iup- 
pose»  the  first  inspiration  to  be  entirely  analogous  ta 
the  first  act  of  deglutition ;  the  will,  in  both  cases, 
causing  the  contraction  of  certain  rauscles  for  the  pur- 
pose of  removing  an  uneasy  sensation. '  I  shall  not 
enter  into  a  fonual  examination  of  these  hypotheses ; 
they  appear  to  me  to  he  built  upon  the  assumption 
of  principles,  which  are  at  least  doubtful,  if  not  alto- 
g^er  untenable ;  and  with  respect  to  the  explana^ 
tkiD  oftcred  by  Whytt,  it  lalxjurs  under  the  radical 
defect  of  all  the  metaphysical  reasoning  of  the  spiri- 
tualists, tliat  it  confounds  the  final  witli  the  efficient 
cause,  and  supposes  the  agency  of  an  imaginary 
ver,  of  the  existence  of  which  we  have  no  evidence. 
I  think  it  may  be  doubted  whether  we  are  in  jkis. 
Liessiou  of  any  data  whieli  will  enable  us  fully  to 
lin  the  difliculty,  but  there  are  some  circnni- 
ances  connected  with  the  meclianieal  cliangc  which 
[the  lungs  experience  at  birth,  in  consequence  of 
Ithe  alteration  of  the  position  of  the  animal,  that 
im&y  throw  some  light  upon  it.     Before  birth  the 

iSoonoaiia,  vJ.  lect.  16.  $  4.         ^  Quart.  Joum.  v.  xiv.  p,  100, 
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lungs  only  receive  one-thinl  part  of  the  quantity  of 

blood   which   afterwards   circulates   through   them,^ 

and  are  squeezed  up  into  as  small  a  space  as  possible 

from  the  posture  of  the  foetus/  as  well  as  from  the 

^larger  aize  of  the  heart  and  the  liver,  and  by  the 

lUs  gknd,^  so  that  the  cavities  of  the  vesicles 

Iftnd  bronchia  are  nearly  obliterated.     The  arch  of 

[the  ribs  is  depressed^  and  the  diaphragm  is  pushed 

tiip  into  the  higher  part  of  the  chest,  so  that  its  eon- 

[cavity  toward  the  abdomen  is  greater  at  tliis  period 

than  it  e%^er  afterwards  becomes  when  the  animal  has 

once  respired/' 

As  soon,  however,  as  the  position  of  the  animal 
is  changed  upon  its  leaving  the  uterus,  the  trunk  is 
extended,  and  the  pressure  removed  from  the  tliora)c 
«nd  abdomen*  The  elasticity  of  the  parts  being 
then  at  liberty  to  act,  the  arch  of  the  ribs  is  raised, 
and  the  distance  increased  between  the  stem  urn  and 
the  spine,  the  liver  and  the  other  abdominal  viscera 
now  fall  into  their  natural  position,  and  permit  the 
liaphragm  to  assume  its  ordinary   curvature.     All 

*  Boerhaave  and  llallerj  in  Praclect.  t  it.  ^  200;  cum  notis. 

7  Hafvey  de  Gener.  p,  359;  Denman's  Midwif.  p.  £18; 
[Marat,  in  Diet.  Scien.  Med.  art.  "  Foetus/*  t*  xv»*  p.  55. 

^  Halter,  in  Boer.  PrteL  t.  v.  par.  2.  not.  ad  ^  G81  ;  and  EL 
I'Phys.  xxix,  4'.  ??9;  Denman,  p.  158.  .  161  ;  Blunienbach's  Phy- 
[«oI.  p.  3G1  ;  Magcndie,  Physiol,  t.  ii.  p,  *36 ;  Monro's  Etem, 
[t»*  i.  p.  576  ;  pi.  10;  V.  ii,  p.  113. 

»  Petit,  Mem.  Acad,  pour  1733.  p.  6  ;  Senac,  ibid*  pour  1724, 
Tp.  17K  See  Hunter  on  the  Gravid  Uterus,  pi.  12,  13,20; 
*tUo  Soemmering,  Icon.  Embryon.  Hum.  fig.  IS,  19,  20;  for 
Ihe  representation  of  the  [Hjsture  of  tlie  foetus* 
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these  changes  necessarily  increase  the  capacity  of  the 
[thorax,  and  cause  the  air  to  rush  dowTi  the  trachea  of 
Lthe  animal  into  the  bronchial  vesicles,  when  the 
Lblood,  meeting  with  less  resistance  to  its  passage 
[through  tlie  lungs  than  through  the  foramen  ovalc» 
[the  whole  of  it  passes  through  the  pulmonary  artery. 

The  organs  are  thus  brought  into  the  state  of  ordi- 
[liary  expiration,  or  what  I  have  termed  their  quiscent 
[condition,   when  the  necessity   for   inspiration   will 

depend  upon  the  same  cause,  which  renders  the 
I  alternation  of  inspiration  and  expiration  essential  to 
'  the  future  existence  of  the  animal.     According    to 

this  view  of  the  subject,  the  first  degree  of  expan* 

Bion,  which  is  produced  in  the  lungs  of  the  newly* 
iJ>om  infant,  depends  merely  upon  the  removal  of 
[external  pressure,  which  permits  the  different  parts 

pf  the  trunk  to  assume  their  ordinary  position.  The 
[farther  increase  of  the  size  of  the  chest  will  depend 
I  upon  the  contraction  of  the  diaphragm,  and  per* 
rliapBy  strictly  speaking,  this  contraction  should  be 
[iregarded  as  constituting  the  first  act  of  inspiration/ 

*  Besides  the  liypotheses  of  Whytt,   Halter,   and  Darwin, 

which,  in  consequence  either  of  llieir  supposed  merits,  or  the 

ct'lebrily  of  their  authors,  have  acquired  some  degree  of  cooti* 

denition,  many  others  have  been  formed  by  physiologists  of 

Imminence;  as  by  Uorelh',  who  resolves  the  question  simply  Into 

tihe  necessity  which  now  exists  for  the  young  animal  to  perform 

those  functionsp  which  were  before  exercised  by  the  mother, 

par* '2.  prop.  IIS;  by  Pitcairne,  Dissert,  p.  62;  and  by  Petit, 

|3lem.  Acad,  pour  1733,  p*6^  who  refer  it  to  certain  general  laws, 

^.fi'btch  they  suppose  to  prevail  with  .respect  to  the  action  of  the 

I  muscles  atid  tlie  ammal  spirits  *  by  Lidteri  who  explains  it  upon 
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Nearly  allied  to  the  question  respecting  the  rtrst 
commencement  of  respiration,  is  the  inquiry  into  the 
cause  of  the  regular  alternations  of  inspiration  and 
expiration,  a  subject  which  has  given  rise  to  as  many 
hypotheses  and  speculations  as  the  former,  but  being 
perhaps  in  itself  more  difficult  of  explanation,  still 
remain  at  least  equally  involved  in  obscurity.  Some 
physiologists  have  considered  the  necessity  for  the 
alternations  of  respiration  to  the  support  of  life  as  a 
sufficient  reason  for  its-existence^  thus   substituting 


tlie  principle  that  the  blood,  which  before  birtli  passed  throygh 
t!»e  urabilicnl,  is  now  transmitted  through  tlie  pulmonary  ves* 
sels,  de  Respir.  in  Exercit.  Auat. ;  by  Swammerdam,  who  con- 
ceives that  there  is  in  the  fcctus  a  space  between  the  lungs  mid 

lie  thorax,  which  b  filled  with  an  aqueous  vapour^  which  being 
fcxpelled  when  the  animal  first  attempts  to  breathe,  enables  the 

ir  to  enter  the  lungs,  De  Uespiiv  Sect.  2.  c.  1  j  by  Boerhaave, 

nstit.  §  691 ;  Hartley,  on  Man.  v.  i,  p.  95  ;  Byfibii,  Nat, 
Hist«  V*  iiu  p.  Ill;  and  Btomenbach,  Physiol,  §  151^  who 
ascribe  it  to  the  struggles  of  the  foetus  when  it  leaves  the 
Uterus,  by  which  the  muscles  generally,  and  the  diaphragm  iti 
rticular,  are  thrown  into  action,  and  tlie  uneasy  sensations 
irhtch  are  experienced  from  diminished  temperature,  and  the 
Dtact  of  surrouiiding  bodies.  Dr.  Elliotson  ascribes  it  solely 
the  impression  of  the  cold  air  upon  the  surface  of  the  body ; 

otcs  to  Blumenbach,  p,  84*.     Wrisberg  appears  to  make  no 

ifitinction  between  tlie  cause  of  the  first  expansion  of  the 
fcbest  and  the  subsequent  act  of  inspiration ;  De  Respir.  prima,  iti 

landtfort^  Thes.  t.  iii.  p.  258.  .260  ;  Sprengcl,  Instit.  Med.  t.  i. 

I.  46i;  and  Parr,  Diet,  art,  **  Ftetus,"  adopt  an  opinion  very 
nearly  similar  to  that  in  the  text.  Stcnaaicring,  like  Borelli,  con- 
founds thefinal  withthe  physical  cause  \  Corp,  Hum.  Fab.  t,  vi,  §70* 
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the  final  for  tlie  efficient  cause  of  the  action.-  Others 
have  attributal  it  to  some  mechanical  effect,  depend-* 
ing  upon  the  pressure  on  the  brain  or  a  particular  nerve, 
by  the  lungs  or  the  diaphragni,  at  certain  stages  of  the 
act  of  respiration,^  Others  again  haveaccoimted  for  it 
hy  some  speculative  principle  assumed  concerning 
muscular  contraction  in  general,  which  they  liave 
applied  to  the  organs  connected  with  the  chest, 
among  whom  we  may  class  Willis/  Pitcairne,^  and 
Hartley  ;  ^  while  others  ascribe  it  to  the  effect  of 
habit,  association,  or  instinct/ 

It  will  not  be  necessary  to  cuter  into  any  minute 
account  of  these  hypotheses,  and  still  less  iuto  any 
examination  or  refutation  of  them,  as  they  appear  to 
have  been  scarcely  maintained  except  by  the  indivi* 
duals  who  originally  proposed  them.  But  it  may  be 
proper  to  examine  a  little  more  in  detail  the  opinions 
which  were  entertained  upon  this  point  hy  llaller 
aiul  Whytt,  because  at  one  time  they  acquired  con^ 
iriderable  reputation,  and  probably  approach  some* 
what  more  nearly  to  a  correct  view  of  the  subject, 
llaller  sets  out  with  the  position,  that  the  passage  of 
the  blood  tlu'ough  the  lungs  is  impeded  during  cxpir 
ration  ;  this  produces  a  reflux  of  blood  into  the  veinSp 

^  Bordlu  par*  2.  p,  117;  BelliDi,  deUiinw,  Ititr.  Lemmn  IS. 
i  UaerhaaTe,  Icutit.  $  41 9,  0;  Martine,  Cd.  Met),  Ess,  v.  i. 
.  15G. 
•  Pharm.  Rnl.  par.  2.  p*  18,  '  DisserU  par.  1.  p,  62. 

^  On  Mmif  V.  i.  ch,  1*  prop,  19. 
r  See  Spreogel,  ImU  Med.  4  210. 


J 


Remarks, 

md  causes  a  degree  of  pressure  upon  the  braio. 
Hence  arises  a  painful  sense  of  suffocatiou,  in  con- 
aequence  of  which  the  will  calls  into  action  the 
muscles  of  inspiration,  in  order  to  enlarge  the  thorax, 
and,  in  this  way,  to  remove  the  impediment*  But 
the  same  uneasy  feelings  which  were  produced  by 
expiration*  ensue  from  inspiration,  if  too  long  pro* 
tracted ;  the  muscles  therefore  now  cease  to  act,  and 
by  their  relaxation  produce  tlie  contrary  state  of  the 
chest.**  Whytt,  hkc  Haller,  conceives  that  the  pas- 
sage of  the  blood  through  the  pulmonary  vessels  in 
impeded  by  expiration,  and  that  a  sense  of  anxiety 
is  thus  produced ;  this  unpleasant  semsation  acts  as  a 
stimulus  upon  the  nerves  of  the  lungs  and  the  parta 
connected  with  them,  which  excites  the  energy  of  the 
sentient  principle,  and  this,  by  causing  the  contrac- 
tion of  the  diaphragm,  enlarges  the  chest  and  remo\*Qs 
the  painful  feeling ;  the  muscles  then  cease  to  act  in 
consequence  of  the  stinudus  no  longer  existing/^ 

Upon  tlicse  hypotheses  vio  may  remark,  that  they 
etch  of  them  involve  three  distinct  positions,  in  tlie 
two  first  of  which  they  agree,  that  during  expiration, 
the  passage  of  the  blood  through  the  pulmonary  ves^ 
leh  is  retarded,  and  that  this  produces  a  sensation  of 
uneasiueds  in  the  chest ;  while  they  differ  in  the 
third  position,  the  means  employed  to  remove  the 
uueasaness,  Haller  ascribing  it  to  a  voluntary  effort, 
and  Whytt  to  the  operation  of  the  sentient  principle. 

«  El.  Phys.  viii.  i.  17.  18,  28.  and  not-  6.  ad  Boer.  Protl  J  619. 
t.  y.  p.  62. 
9  Whytt  on  Vital  Motions,  sect*  8*  p.  8L  JOCk 
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Now  we  may  venture  to  affirm  that  all  these  assump- 
tions are  at  least  questionable,  if  not  absolutely  erro- 
neous, so  that  notwithstanding  the  great  names  under 
the  sanction  of  which  they  were  advanced,  we  may 
pronounce  the  hypotheses  to  be  imtenable.  IVliytt 
and  Haller  have  both  fallen  into  the  error  of  explain- 
ing the  phenomena  of  natiu-al  or  ordinary  respiration 
by  what  occurs  only  in  the  unnatiural  or  extraordinary 
efforts  of  the  lungs.  Now^  as  it  will  hereafter  appear^ 
it  is  doubtful  whether  the  circulation  through  the 
pulmonary  vessels  be  ever  affected  by  tlie  motions  of 
the  thorax,  except  in  extreme  cases  of  accident  or 
disease,  and  although,  in  laborious  respiration,  we 
experience  an  uneasiness,  which  may  prompt  us  to 
expand  the  chest ;  we  are  not  sensible  of  this  opera- 
tion in  ordinary  cases,  nor  have  we  any  evidence  of 
its  existence.  Hence  wc  must  dismiss  all  those 
specidatious  which  are  founded  upon  the  idea  of  the 
lungs  having  an  appetite  for  air,  analogous  to  the 
sensation  of  hunger,  which  is  experienced  by  the 
stomach,*  for  it  is  impossible  to  conceive  of  an  appe- 
tite which  is  unattended  with  consciousness  or  jier- 
ception.  And  with  respect  to  the  third  jioint  of 
Haller*s  hypothesis,  the  interference  of  the  will,  we 
may  remark,  that  respiration  is  pertbrmed  in  the  most 
perfect  manner  by  the  infant  immediately  after  birth, 
before  any  object  of  volition  can  be  contemplated,  or 
indeed  before  the  faculty  can  have  been  called  into 
existence ;  nor  shall  we  be  more  disposed  to  place  any 

»  Chftueaicr,  J>ict*  Sciea.  Mixl.  art*  **  B^inraiioo/*  p.  S3* 
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confidence  in  Whytt's  doctrine  of  the  sentient  prin- 
ciple, as  affording  any  actual  explanation  of  the 
phenomena,  I  conceive  J;hereforc  that  we  must  con- 
sider this  much  agitated  question  as  still  undecided* 
nor  do  I  think  that  we  are  in  possession  of  any  facts 
which  will  enable  us  to  afford  a  satisfactory  answer  to 
it.  I  shall,  however,  offer  some  considerations,  which 
may  tend  to  show  us  towards  what  points  our  obser- 
vations should  be  directed  in  order  to  obtain  its 
solution. 

When  we  reflect  upon  the  intimate  nature  of  tlic 
process  of  respiration,  we  shall  find  that  our  inquiry 
will  assume  the  following  form :  what  is  the  cause 
which  produces  the  contraction  of  the  diaphragm, 
when  the  same  portion  of  air  has  remained  for  above 
a  certain  length  of  time  in  the  lungs?  and  why,  after 
a  short  interval,  does  this  cause  cease  to  operate,  and 
permit  the  diaphragm  to  become  relaxed  ?  I  am  dis- 
posed to  think  that  in  tlie  investigation  of  this  subject, 
we  must  have  recourse  to  three  distinct  principles  of 
action  'corresponding  to  tlie  different  states  of  disten- 
tion which  the  thorax  experiences,  or  the  different 
modes  by  which  it  is  effected,  A  portion  of  air  has 
been  received  into  the  lungs,  and  has  acted  upon 
the  blood  which  circulates  through  them,  and  then 
becomes  unfit  for  the  farther  performance  of  this 
office.  Were  the  air  not  renewed,  the  blood,  by  not 
undergoing  its  appropriate  changes,  would  be  ren- 
dered incapable  of  carrpng  on  its  functionsj  one  of 
the  most  important  of  which  is  to  supply  the  muscles 
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with  their  contractile  power;  hence  the  licart  would  be 
no  longer  able  to  contract,  and  the  circulation  would 
ceose*  But  at  the  very  commencement  of  this  state 
df  the  organs,  or  even  probably  before  it  has  com* 
menced,  by  a  mode  of  communication,  which  we  ane 
perhaps  unable  to  explain^^  an  impression  is  conveyed 
to  the  diaphragm,  which  causes  it  to  contract,  so  as 
to  enlarge  the  cliest,  and  thus  admit  a  portion  of 
fresh  air  to  enter  the  lungs.  According  to  the  usual 
operations  of  the  animal  ceconomy,  the  impression* 
whatever  may  be  its  nature,  no  longer  acting  upon 
the  diaphragm,  its  contraction  is  succeeded  by  relax* 
mtion,  when  the  air,  having  now  performed  its  due 
office^  of  rendering  the  blood  jiropcr  for  the  support 
of  life,  is  expelled,  and  the  parts  are  brought  back 
to  their  former  state.  The  final  cause  of  the  opera- 
tion  is  sufficiently  obnous,  and  we  arc  able  to  trace  it 
through  its  succetsivo  steps;  but  we  are  not  able 
clearly  to  understand  the  physical  connexion  between 
the  state  of  the  air  and  the  contraction  of  the  ditV 
jihragni,  or  ratlia*,  what  is  the  exact  nature  of  tht 
stimulus  which  excites  the  nerves  of  this  organ  so  l^ 
to  cause  it  to  contract,^ 


»  IIdw  tar  wc  ran  throw  any  lig)it  upon  ihts  tram  of  actions, 
by  jiii(>]>o^iiig  that  the  part  of  the  eighth  pair  of  noires  which  %¥ 
distributed  over  tho  Iun^ii»  importai  to  thcni  the*  |JOwer  of  recilv* 
ing  the  perceptions  of  pain,  which  fict  as  a  Btiiiiuluji  upon  the 
diaphrAgm,  will  be  constt!ered  hereafter. 

1  The  dmphnigtn  iippeafs  to  be  ati  of  goo  which  Is  singularly 
iidiipted  for  rcooiTbig  the  ins proMtoits  of  ?ftrioui  ttimuli^  both^n 
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The  above  remarks  apply  to  what  may  be  termed 
the  ordinary  act  of  respiration,  wliere  tlic  effect 
appears  to  depend  simply  upon  muscular  contraction, 
although,  as  I  conceive,  we  are  unable  to  explaiu  the 
nature  of  the  stimulus  which  acts  upon  the  contracted 
part,  or  the  mode  in  which  it  is  communicated  to  it* 
But  there  are  other  cases,  in  which  the  action  of  the 
rcspiratoi-y  organs  seems  to  depend  upon  a  cause  of  a 
diiFereut  nature,  where  we  arc  sensible  of  the  exist- 
ence of  the  stimulus,  and  are  conscious  of  the  effect 
which  it  produces  upon  the  system^  The  chest  is 
here  thrown  into  a  state  of  extraordinary  action,  from 
the  more  quick  and  violent  contraction  of  the  dia- 
phragm, and  the  co-oi)eration  of  various  auxiliary 
muscles.  In  this  c^se,  of  which  sneezing  may  bo 
adduced  as  an  example,  we  are  better  able  to  explain 
the  mechanical  origin  of  the  train  of  actions,  while 
the  interesting  observations  of  Mr.  Bell  "  point  out 
file  nervous  communication  which  subsiiitR  between 
the  parts  which  connect  the  successive  steps  of  tha 
process,  although  it  may  be  still  somewhat  difficult  to 
explain  the  relation  which  it  bears  to  the  ordinary 
ict  of  respiration. 

Both  of  the  above  specieB  of  action  arc  independent 
of  the  will,  and,  indeed,  in  the  latter  case*  arc  often 


feecount  of  iu  peculiarly  contmciilc  Tiatyn?^  which  has  been  fre- 
quervtiy  r^murked  upon,  and  trom  I  he  relations  of  its  nervcj, 
W'lucJit  stM  Sprengcl  remarks,  Are  connected  with  every  part  of 
tht  tyitern ;  Inst.  Med.  lib,  i.  cap.  4-  aect.  1.  p.  443. 

*  VMU  Tnm.  for  18^1,  p.  398.  etseq.  and  for  182^^  p.  Sflit 
1^1  scq*  /-.BJ 
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in  direct  opposition  to  it ;  but  there  is  a  third  species 
which  is  completely  voluntary,  as  sighing,  strainings 
&c.  in  whieli  certain  muscles  are  thrown  into  contrac- 
tion, in  order  to  accomplish  some  purpose,  from  a 
previous  knowledge  of  their  effects,  in  the  same  man- 
ner as  the  motions  of  the  arms  and  legs.  We  may 
therefore  conclude  that  ordinary  respiratioxi  depends 
upon  a  cause,  which,  in  some  way  that  we  are  not 
able  to  explain,  acts  on  the  diaphragm,  so  as  to 
produce  its  contraction  ;  but  when  any  circumstance 
requires  the  parts  to  be  more  fidly  expanded,  it  is 
cither  by  the  application  of  a  stimulus  to  a  sensitive 
part,  which  is  connected  with  the  respiratory  muscles, 
or  by  the  intervention  of  the  will,  according  as  the 
effect  regards  our  immediate  existence,  or  is  only 
subser^ lent  to  our  comfort  or  accommodation.* 

§  2*  Mechanical  Effects  of  Respiration. 
After  explaining  the  mechanism  of  respiration,  I 
proceetl  to  consider  its  direct  effects ;  these  may  be 
arranged  under  three  heads,  the  meclianical  effects, 
the  effects  produced  upon  the  air,  and  those  upon 
the  blood.  The  older  anatomists  and  physiologists 
insisted  much  upon  the  mechanical  effects  that  were 
produc^nl   by  the  alternate   motions  of  the   thorax, 

i  MagcndiG  points  out  three  degrees  of  iiispiratioti,  wMch  he 
mty^  arc  vrcU  i-norked,  an  ordinary,  a  great,  and  a  forced  inipira* 
tion,  FhyaioL  t*  iu  p<  274*,  but  allhough  they  nearly  correspond 
in  their  effects  to  what  I  have  described  above,  they  are  sup* 
posed  to  depend  cither  upon  the  action  of  difereat  parts,  or  a 
diiFercnt  degree  of  action  of  the  same  parts. 
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upon  the  organs  contiguous  to  it.  Hales  and  Haller 
announcedi  as  the  result  of  direct  experiment s,  made 
expressly  for  the  purpose  of  ascertaining  the  point, 
that  the  circulation,  and  the  other  functions  the  most 
essential  to  life,  were  promoted  or  rettordcd  according 
as  the  lungs  were  in  the  different  states  of  inspira- 
tion and  expiration,  while  they  conceived  that, the 
due  performance  of  the  circulation  and  other  vital 
functions  was  closely  connected  with  the  regular 
motions  of  the  thorax.  The  parts  or  organs  which 
have  been  supposed  to  he  immediately  influenced  by 
the  mechanical  act  of  respiration  are  the  following, 
the  circulating  system,  especially  tlie  pulmonary  ves- 
sels; certain  nerves  which  arc  contiguous  to,  or  in 
contact  with  the  diaphragm ;  the  abdominal  viscera 
generally,  and  the  liver  in  particular  ;  and  lastly,  the 
lacteals  and  the  thoracic  duct- 
As  the  earher  physiologists  were  entirely  ignorant 
of  the  chemical  effects  of  respiration,  they  w^rc  the 
more  disposed  to  pay  attention  to  those  of  a  mecha- 
nical nature,  and  as  their  knowledge,  even  on  this 
point,  was  very  imperfect,  we  can  scarcely  he  sur- 
prised at  the  errors  which  they  committed.  The 
intimate  connexion  which  appeared  to  subsist  between 
the  respiration  and  the  circulation  induced  them  to 
examine  minutely,  whether  the  blood  was  trans- 
mitted tlirougli  the  lungs  with  equal  facility  during 
inspiration  and  expiration »  and  besides  much  hyjjo- 
thetical  reasoning  and  eUd^orate  calculation,  niunerous 
experiments  were  j>ertbnned  upon  living  animals  to 
determine   the  question.     We  may,  however,  con- 
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dude  that  the  mode  of  investigation  which  they 
adopted  was  quite  inadequate  to  the  purpose*  The 
state  into  which  the  anittial  must  necessarily  be 
reduced,  duriiifj  experiments  of  this  description,  can 
at  most  only  show  us  what  takes  place  during  the 
most  violent  or  forced  actions  of  the  chest ;  tlie  loss 
of  blood,  the  pain  inflicted,  and  the  general  derange* 
ment  of  the  ordinary  actions  of  the  system  could  not 
fail  to  affect  the  organs  of  respiration  so  far  as  to 
render  it  impossible  to  learn,  by  this  means,  what 
effect  their  ordinary  changes  woidd  produce  upon  the 
circulation  and  the  other  functions. 

We  may  point  out  three  distinct  sources  of  error 
into  which  Hales  and  Haller,  together  with  almost 
all  the  physiologists  of  the  last  century,  fell,  wheB 
they  attempted  to  apply  the  results  of  their  experW 
ments  to  the  question  under  consideration ;  firstf 
they  eithejr  entirely  overlooked  the  unnatural  situa- 
tion in  which  the  animals  %vere  placed,  or  did  not 
make  sufficient  allowance  for  it;  secondly,  they  ob- 
served the  effects  produced  upon  the  circulation  ot 
Other  functions  by  the  most  violent  efforts  of  tbf 
respiratory  organs,  and  reasoned  from  these  to  their 
onlinary  action ;  and,  in  the  third  place,  they  much 
exaggerated  the  change  of  bidk  which  the  chest 
experiences  in  the  different  states  of  inspiration  and 
expiration-* 

We  shall  flrst  examine  how  far  the  circulation  is 
affected  by  the  mechanical  action  of  the  lungs,  as  it 


^  HttUer,  El*  PUyi^  riit*  #^  IK  $od  the  auUiore  to  whom  he 
refers. 
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i^n  upon  this  function  that  the  most  important 
diatiges  were  supposed  to  be  produced,  and  that  to 
which  the  experiments  were  more  particularly  directed. 
The  first  experiments  of  this  kind,  which  possess 
Mich  a  degree  of  precision,  as  to  render  them  deserv- 
ing of  our  attention,  are  those  of  Hales  ;  he  inserted 
a  tube  into  the  crural  artery  of  a  horse,  and  observed 
Aat  the  blood  was  endently  raised  to  a  greater 
height  in  the  tube,  when  the  animal  made  a  deep 
inspiration;  this  he  attributed  to  the  greater  ease 
with  which  the  blood  was  enabled  to  traverse  the 
pulmonary  vessels  at  this?  period,  and  thus  ftimish  a 
more  copious  supply  of  it  to  the  heart/  Perhaps 
ffom  this  experiment  we  may  go  so  far  as  to  infer, 
that  during  a  very  full  inspiration,  and  in  an  exhausted 
stAte  of  the  system,  the  blood  will  be  transmitted 
with  more  facility  through  the  luugs.  Yet  we  are 
not  warranted  to  conclude  from  it  that  this  wotild  be 
the  case  under  ordinary  circumstances,  while,  at  the 
same  time,  wc  may  remark  that  Haller  himself,  who 
adopts  Hales's  conclusion,*  supposes  that  a  very  full 
and  long  protracted  inspiration  would  retard  the  pas- 
hg^  of  the  Ivlood  through  the  lungs*^ 

Tlie  opijiion  of  many  emkient  physiologist^  \vn^ 
that,  during  expiration,  when  performed  in  its  ordi- 
aary  and  natural  nianuer,  the  bronchia  and  vesicles 
are,  to  a  certain  extent,  folded  up  or  compressed,  so 


^  Stat.  Ess.  T.  ii,  p.  C*  «  El  Pliys.  viii.  4.  IK 

^  EL  Phys.  viii.  4. 13*  Oocrhaavc  also  maintained  tJiU  opinion, 
audfountled  upon  it  his  hypothesis  of  the  cauae  of  the  alterna- 
tion of  inspiration  and  expiration  :   Instit  $  619,  0. 
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nk  to  be  less  pemons  to  the  blood,  while,  when 
they  are  cxpautlecl  by  itisiiiration,  the  blood  is  sui- 
ted to  pa^  thtongh  tlicm  with  fiicility/  This 
appfears  to  have  been  the  opinion  whieli  was  genenftily 
t^tcrfciiiR*d  among  Haller^s  contemporaries^  and  which 
mx$,  by  some  of  them,  exoggerated  in  a  most  extm- 
dtdinary  degree,"  This  opinion  professed  to  be 
directly  deduced  from  experiment,  but  tUo  experi- 
tneiils  t^ere  of  tliat  vague  and  unsatisfactory  kind, 
tthich  were  so  frequently  employed  by  the  older  phy- 
siolc^sts,  while  no  allowance  was  made  for  the  pecu- 
liar situation  in  which  the  animals  were  placed^  and 

»  llftUer,  EL  Fhys.  ?i*  i*  10;  viil  4^^  U  ;  viii.  5  2^-  et  ^Ul^i; 
RotK  ad  Boerljaavc,  Proelect.  t.  ii.  §  200.  Tlte  same  opinion 
appears  to  be  implted  in  the  remarks  of  Sremrnenngi  Corp.  tluin. 
Fab.  t.  il  I  6B*  Boerlmave  is  inclined  to  think  that  not  rmire 
than  une-thin!  of  the  blood  can  pass  through  the  lung^  dtmog 
expiration;  iibi  supra,  tiot>  11-  Auopioiotiof  a  sicoiilar . ten- 
dency had,  been  previously  luatntaiaed  \iy  Malpiglii,  Opcr* 
P^l^  p.,i9^  jMid  by  Winijlow,  Anat*  sect.  9.  ^  13i>. .  1 
J  -  J,  Bell,  Anatoni3%  v,  ii*  p.  188.  et  scq*  in  !iis  usual  JuTjn  usMve 
ii]tnner»  very  aptly  expose*  the  extravagancies  anil  tDaccttracies 
of  bis  predccesftors  on  this  subjectt  although  his  ovrn  opinioos 
wiO  perhaps  be  found  not  to  be  entirely  correct.  Harvey 
appears  to  be  the  first  physiologist  who  clearly  pointed  out  the 
indepJndencc  of  the  action*  of  the  lieart  and  the  lungs  ;  y^  be 
was  of  opinion  that  the  passage  of  the  blood  along  the  pulmo- 
nary vessels  is  assisted  by  the  motion  of  the  thorax  t  De  Motu 
Conlii*  p»  llf  71,  77-  Mr.  Kite  has  given  us  a  i^criea  of  eirpe* 
rimenta  the  object  of  which  is  to  prove,  that  in  the  state  of 
complete  expiration*  which  he  Kupposes  to  be  produced  by  drown- 
ing, verj'  htlle  blood  can  pass  through  the  vessels  of  the  fungfi; 
Essays,  p.  47. .  3^*  But  even  if  we  admit  his  reasonings  it  would 
not  apply  to  the  ordinary  act  of  respirationr 
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for  tbe  conBequout  tleraiigemeot  which  mu3t  Jjeces* 
flariljr  eiMue  m  every  part  of  their  oeconomy.  And  we 
have,  in  support  of  the  opposite  opinion,  an  experi- 
ment of  Goodwyii's,  which  appears  to  have  heen 
carefiilly  perfonned,  and  which  bears  directly  upon 
this  question.  He  introduced  a  quantity  of  water 
between  the  pleura*  of  a  dog,  and  wlieu  even  as  much 
as  one^third  of  the  cavity  of  the  thorax  was  filled,  he 
could  not  perceive  that  the  passage  of  the  blood 
through  the  lungs  was  retarded,  although  the  re^* 
ration  was  rendered  laborious,'^  The  same  \iew^  of 
the  subject  was  also  taken  by  Bichat,  who  has 
detailed  various  experiments  and  observations,  made 
for  the  express  purpose  of  ascertaining  how  tar  the 
circulation  is  affected  by  the  state  of  distention  of 
the  lungs,  the  results  of  which  appear  to  be  quite 
decisive^  >  |H^  o 

It  has  been  observed  that  when  a  portion  of  the 
cranium  is  ae^jidentally  removed,  an  alternate  elova< 
tion  and  depression  is  visible,  concspondiug  witli 
expiration  and  inspiration,^  and  Haller  extends  the 

■fc' 

^^Be  ^  Efisay,  p.  45'  Morbid  cases  ot  a  similar  nature,  m  far  as 
^^^■hli  point  is  coticerned,  are  not  uufrequcntly  met  witli^  where 
^|H|iiid»  of  various  kinds  are  effused  between  lite  pleuree,  and  where 
^^  (he  respiration  Is  much  aiected,  while  the  circulation  proceeds 
I  Without  any  ioapediment.  Sec  Morgagni,  on  the  Seats  of 
DiseaJeSy  by  Alexander,  %%  i*  p.  408. 
*  Sur  la  Vie,  li'C.  part  2-  art.  6*  ^  1 . 

5  Halkr,  El.  Phys.  vi.  4*  9  ;  viii,  4.  27*  et  alibi ;  Mem,  surles 

ties  Irrit*  et  Sens,  V  tu  p.  172.,  192;  see  also  the  eitperi* 

ma  of  Haller*!  correspondents,    Tossetli  and   Caldani,  ibid. 

^tiu  p.  198.  and  t.  iii.  p.  lil;  with  Ins  own  observations,  t.  iv. 
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operation  to  some  of  the  other  viscera.^  This  effect 
has  been  attribnted  to  the  greater  resistance  which 
the  blood  experiences  in  its  passage  throngh  thf 
lungs  while  in  the  state  of  expiration ;  a  stagnar 
tion  is  thus  brought  about  in  the  right  side  of  tht 
heart,  and  consequently  the  blood  is  retained  in  the 
veins,  i\hich,  in  a  highly  vascular  part,  produce! 
ittt  increase  of  its  bulk.  When  from  the  enlarge* 
inent  of  the  thorax  the  lungs  become  more  pervious 
to  the  passage  of  the  blood,  the  veins  arc  enabled 
to  empty  themselves,  and  the  increase  of  bulk  if 
removed.  It  is  probable  that  tlje  phenomenon  dc^, 
pends  upon  the  cause  that  has  been  assigned  :  but  1% 
must  be  remarked,  that  in  cases  of  tliis  kind,  where  S9 
considerable  an  injury  is  received  by  the  cranium.  Of 
where  mv  of  the  intenial  viscera  are  laid  open,  thf, 
respiration  may  be  supposed  to  be  more  laboriom 
than  natural,  so  that  the  air  ^vill  be  taken   in  a 


I 


||.  15;  aUo  Opera  Minora,  U  u  p.  131 ,  .7,  HI.    I  Imd  ance  an 
opportunity  of  witnessing  tliis  phenomenon,  in  a  very  striking 
manner,  in  ii  patrent  who  had  lost  a  portion  of  tho  cranium, 
awing  to  tht!  growth  of  a  fungoufi  tumour  ;  upon  removing  the 
I  tumour  iiie  bone  vrat  found  to  be  in  a  diseased  f  tate,  and  was 
I  likewi!»e  removed,  leaving  the  brain  exposed.     It  would  uppea 
'  that  the  motion  of  the  brain  was  obierved  by  Laniure  abaat  th 
yama  time  that  Halter  wo*  engaged  in  hi£  experimenu  on  lbi| 
•ubject*     See  Ilaller's  Letter  in  C>p.  Min*  t.  i.  p.  2l2  ;  Lamuf 
in  Mem*  Acad.  8cicnc.pour  1749,  p.  SH*  etteq.     His  experi« 
tntoU  were  perfarmed  in  the  years  1751  and  1752^  and  ner 
read  to  the  Academy  in  17S2;  the  volume  was  pubhshed 

^  £1  Pbyt.  vL  4*  9  {  Qp,  Mioor.  I.  L  p,  197* 
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l0Dg€r  intervals  and  consequently  in  lai^ger  quantity^ 

while  the  system  being,  at  the  same  time^  in  an 

exhausted    state,   the  circulation  will   probably   be 

lore  easily  affected  by  the  operation  of  slight  causes, 

rhich  would  not  be  perceived  in  its  healthy   and 

itural  condition^ 

But  there  is  a  consideration  which  is  of   more 
reight  in  the  determination  of  this  question,  than 
result  of  any  experiments  can  be,  in  which  it 

J  Theso  nnich  celebrated  experiment  of  Hooke,  in  which,  after 
be  motion  of  ihe  heart  had  ceased,  it  wa»  re-produced  bjiniialiDg 
be  lungg^  haa  l>een  adduced  lo  prove  ihat  the  lungs  are  rendered 
more  pervious  to  the  l)Iood  by  inspiration;  Hallerp  EL  Phya.viiL 
i»  12.  But  it  muBt  be  borne  hi  mind*  that  in  this  case,  the 
thorax  iiraa  laid  completely  open,  and  that  the  lungs  would  con* 
ftequently  be  collapsed  into  a  much  smaller  bulk  than  while  th€y 
were  within  the  cavity  of  the  tliorax,  at  thy  Banie  time  that  we 
account  for  the  renewed*  motion  of  the  heart  upon  a  different 
principle!  totally  unconnected  with  a  mechanical  operation. 
With  respect  to  the  experiment  itself.  It  is  not  a  little  remarkable, 
ihat  although  it  excited  so  much  attention  when  it  was  performed 
by  Hooke,  and  was  viewed  by  his  contemporaries  wi(h  almost 
childish  astonishment,  the  very  same  process  })ad  been  performed 
long  before  by  Vesahus  i  see  Corp.  Hum,  Fab.  lib.  6.  c- 19- 
la  Oper,  t.  i*  p.  57K  2*  This  great  work  was  published  in 
15f3;  Hooke's  experiment  was  performed  in  Oct.  1G67,  Hooke 
drew  ilie  correct  inference  from  his  experiment,  and  directly 
states  his  opinion  that  it  was  the  fresh  air,  and  not  any  altera- 
tion in  the  capacity  of  the  lungs,  which  caused  the  renewal  of 
the  heart's  motion.  He  farther  informs  m  that  the  ctrculaltoti 
through  the  lungs  went  on  trecly  when  the  knigw  were  suffered 
to  tubiide.  For  the  original  account  of  the  experiment  See 
PhiK  Trans.  No.  28-  p.  539 ;  see  also  Lowthorpe's  Ab.of  Phil. 
Traas.  V.  iii.  p.  66  ;  and  Sprats  Hist,  of  the  K,  8.  p*  SSS. 
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appears  impossil>le  to  obviate  every  source  of  uncer- 
tainty. Ill  the  healthy  state  of  the  system  we 
respire  upon  the  average  about  tweuty  times  in  a 
minute,  while  the  average  velocity  of  the  puke  may 
he  estiniateil  at  eighty,  so  tliat  the  heart  contraets 
four  times  during  each  act  of  respiration  ;  and  inust 
consequently  receive  the  blood  dmiiig  all  the  rarious 
states  of  distention  to  which  the  lungs  are  subject^ 
yet  we  do  not  perceive  that  the  pulse  exhibits  any 
corresponding  variations  either  in  its  strength  or  its 
velocity.  And  fartlier,  we  shall  find  it  extremely 
difficult  to  produce  any  effect  upon  the  pube  by  th^ 
most  powerfid  voluntary  efforts  of  inspiration  or  expii. 
ration  ;  yct^  in  such  cases,  the  capiicity  of  tlie  thorax 
will  certainly  undergo  a  much  greater  change,  than  it 
can  possibly  experience  in  its  ordinary  action,** 

The  connexion,  which  was  mtpposed  by  the  older 
writers  to  exist  between  the  heart  and  the  thoraic 
depended  upon  their  idea  of  the  structure  and 
meclianism  of  tlicse  organs*  but  some  of  the  modern 
physiologLsta,  who  have  insisted  U|mn  the  reality  ofj 
this  connexion,  have  ascribed  it  to  a  cause  rather 
a  metaphysicid,  than  physical  nature*  Hunt 
S]^aks  of  a  sympathy  or  association  existing  betweei 
the  actions   of  the  heart  and  the  lungs ;  '^  we  al 

"  This  cansideratloti  Appears  to  me,  in  a  great  tneosurer  ta 
counteract  the  farce  of  M*  Mugendie's  reasoning  in  a  (laper  in 
hi»  JournaU  t.  i.  p.  132.  el  •eq.;  most  of  the  experimenu  which 
he  rdateft  must  be  regarded  zu  showing  what  takes  place 
unuiual  action  of  the  respiratory  organs. 

9  On  the  DloQd,  p»  5h 
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find  an  opiniou  of  the  same  tendency  advanced  by 
Currie/  and  Darwin  still  more  explicitly  refers  to 
the  effects  of  association.     He  says  that   "  innumer- 
able trains  or  tribes  of  other  motions  are  associated 
with  these  muscular  motions  that  are  excited  by  irri- 
tation ;  as  by  the  stimulns  of  the  blood  in  the  right 
chamber  of   the   heart   the   lungs   are  induced   to 
expand  themselves,  and  the  pectoral  and  intercostal 
muscles,  and  the  diaphragm,  act  at  the  same  time 
by  their  associations  with  them."  ^     But,  in   opposi* 
tian  to  this  hypothesis,  we  may  remark,  that  the 
lungs   of  a  newly  born  animal  act  witli  full  force 
immediately  upon  being  placed  in  a  situation  where 
they  can  have  access  to  the  air,  long  before  the  effect 
of   association    can   possibly    operate.      Besides,    in 
after  life,  the  periods  of  the  contraction  of  the  heart 
and  the  lUapbragm  bear  no  ratio  to  each  other,  the 
one  being  often  much  increased   or  diminislied   in 
frequency,  while   the  other   is  not   affected.      The 
heart   and  the  lungs  are,  however,  indirectly   con- 
nected with  each  other,  inasniutli  as  they  are  both  of 
them   affecteil    by    the    quantity   and   the   quality 
()f  the   blood   which  is   transmitted  through  them, 
|md,  to  a  certain  extent,   are  both  of    them  under 
je  influence    of   the    nervous    svstem.     But   this 
p^nnexiou   is   not   to   be   referred   to  the    effect  of 
babit  or  association,  but  to  the    direct   application 

'  Med.  Reports,  p.  77. 

^  Zoonomia,  v,  i.  p,  40*  Beddoes,  proceedmg  upon  this 
principle,  goes  so  far  as  to  form  a  project  for  rendering  animals 
'amphibioiift ;  Observ,  on  Fact.  Airs,  part  i.  p.  4L  Upon  this  I 
ihall  have  occasioa  to  offer  some  remarks  in  a  subsei|uent  part 
of  tlil»  chapter. 


Effect  upon  the  Aorta  and  the  Veita  Cava. 

of  the  «aine  agent  to  each  separate  oi^an.    Upon  the 
whole  then  we  may  conclude,  that  in  the  ordinary  act 
of  respiration  the  hlood  is  transmitted  through  tbt^ 
lungs  at  all  times  with,  nearly  equal  facility^   anlH 
that  it  is  only  in  extreme  cases  that  the  retardation  '" 
described  by  Ilaller  and  his  contemporaries  can  be 
supposed  to  take  place. 

Besides  the  pulmonary  system  of  blood  vesselsi 
there  are  ather  parts  of  the  sanguiferous  system 
which  it  was  supposed  would  be  atfected  by  the 
mechanical  actions  of  the  thorax,  and  this  it  was 
conceived  would  be  especially  tlm  case  with  the 
aorta  aud  the  vena  cava*  by  the  pressure  of  the 
4liapbragm  upon  them  during  its  contraction.  Yet 
on  inspecting  the  anatomy  of  the  parts,  it  would 
scarcely  appear  that  this  effect  should  be  expected 
to  take  place,  as  the  passages  through  which  these 
vessels  are  transmitted  are  guarded,  as  if  for  the -. 
express  purpose  of  preventing  the  stagnation  of  theiHH 
contents.^  Ilaller  indeed  informs  us  that,  in  some 
of  bis  experiments,  he  observed  the  vena  cava  to  be 
compressed  by  the  diaphragm,  so  as  perceptibly 
impede  the  passage  of  the  blood  through  it.*  Yc 
we  may  here,  as  on  so  many  former  occasions,  attri^^ 
bute  the  effect  to  the  state  to  whieli  the  animals 
were  reduced,  with  all  the  functions  deranged,  the 
circulation  probably  much  exhuuated,  and  the  dia*- 
phragm  convulsed  by  the  near  approach  of  death* 


'1 


»  WTiiiIow'«  Annt.  v,  I  k  570  .  572;  Hallcr,  El.  Phys.  viii.  1 ,  { 
tofid  Icon  AnaL  fiuc.  1  ;  BclVi  Anut  v.  i.  p.  326,  7- 


On  the  Nerves,  M 

Certaiu  nerves,  which  perform  very  iinportant  func- 
tiona  in  the  animal  oeconomy,  as,  for  example^  the  pat 
Mgiun  and  the  great  syni})athetics»  pass  tlirough  the 
diaphragm,  and  are  so  situated,  that  it  was  gupposed 
they  must  be  compressetl  by  the  contraction  of  this 
M^Q ;  it  was  therefore  supposed  that  very  important 
fftctfl  would  hence  result  in  the  parts  to  which  die 
nerves  are  sent,  that  there  would  he  au  alternate 
transmission  and  obstruction  of  the  ner\ous  intiuenoe» 
which  would  explain  the  mo  lions  of  the  chesty  the 
pulsation  of  the  heart,  and  the  vermicular  actions  of 
Itomach  and  intestines. '  But  more  accurate  ohser^a* 
tions  seem  to  prove  that  there  is  no  foundation  for 
tbia  opinion,  that  we  have  no  evidence  for  this  pres* 
•ure  upon  the  nerves,  and  that  we  are  able  to  explain 
the  phenomena  more  satisfactorily  upon  other  prin* 
ciples. 

Aa  the  alteraate  motions  of  the  chest,  produced  by 
the  diaphragm,  must  cause  a  corresponding  motion 
of  the  whole  of  the  abdominal  viscera ;  it  has  been 
thought  that  the  agitation  and  pressure  which  they 
would  hence  expexieoce  will  be  instrumental  in  pro* 
pelling  the  blood  through  the  lungs,  and  in  this  way 
indirectly  contribute  to  the  fomiation  of  the  various 
secreted  fluids.**  But  we  may  presume  that  this 
eifect  has  at  least  been  much  over-rated ;  for  it 
appeared  in  the  experiments  of  Menzies,  that  the 
of  bulk  which  the  body  experiences  during 

5  Martine,  in  lid.  Med.  Esfi.  v.  h  p.  156.  et  seq. 
^  Haller,  E!.  Phys.  viii.  5.  23* 
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inspiration  is  precisely  equal  to  the  volume  of  air 
taken  into  the  lungs/  the  change  of  capacity  which 
the  abdomen  would  experience  fi*om  the  contraction 
of  the  diaphragm  being  exactly  balanced  by  the 
relaxation  of  the  abdominal  muscles,  and  vice  verni^ 
so  that  although  the  viscera  maybe  supposed  to  be  at 
all  times  under  a  certain  degree  of  compression,  tli# 
ineasiu-e  of  it  will  be  at  all  times  nearly  the  same. 
No  accxjlerations  of  the  contents  of  the  veins  can 
therefore  be  produced  by  this  cause,  and  indeed,  as 
they  are  not  furnished  with  valves*  we  may  presume 
that  any  unusual  pressure  upon  tliem  would  tend  to 
dimininh  rather  tlian  to  increase  the  flow  of  blood 
through  them,"  Perhaps,  however,  we  may,  to  .a 
certain  extent,  admit  of  the  mechanical  effect  of  the 
respiratory  organs  upon  the  liver,  in  consequence  of 
its  situation  mth  respect  to  the  diaphragm  and  the 
ribs,  and  there  may  he  supposed  to  be  a  pecidiar 
necessity  for  some  meclianical  force  of  this  kind  with 
respect  to  the  gall  bladder,  which  is  not  furnished 
with  muscular  fibres,  and  would  therefore  nppeat*  to 

'have  no  means  of  evacuating  iu  contents,  cxCBjit 

pWhat  is  derived  from  external  pressnire.'' 

7  Essay,  p.  24.  et  seq* 

•Haller,  EL  Phyf.  liL  23;   viil  5.23:    C.  Bel  1^  Dissect* 
t  p.  48. 

9  HitlJer»  El.  Fliys.  xxiiL  3.  29.     Senac^  tn  an  elaborate  ew^t^y 

\iCn  the  diaphragm,  in  die  Memoirs  of  the   Aniil.  Scienc.  for 

1729,  p.  118.  et  seq,,  supposes  that  ihc  posterior  muscle^  or 

ipillan,  as  they  have  been  termed,  when  they  contract,  mtut 

I  obstruct  the  pnt^soge  of  the  criophagus,  hat  this  does  not  appe 

to  be  cont)rmed  by  8ub»e(|uent  obscrvntions. 
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hrTt  may  seem  also  not  iaiprobable,  that  the  state  of 
eompression  in  which  the  abdominal  viinrera  are 
nriamedy  and  the  alternate  motion  to  which  they  are 
8iil>jeeledp  may  have  an  effect  iu  propellin}^  the  chyle 
diitg  the  lactcals  and  the  thoraeie  duct/  Tliese 
Tiessels  diifer  from  the  abdominal  veins  iu  the  essen- 
tial circumstance  of  being  plentifully  furnished  with 
valves,  and  thus  any  increase  of  pressure,  or  perhaps 
oven  any  change  of  position  in  the  parts*  wliich 
must  be  always  attended  with  some  partial  compres- 
rioD,  will  have  the  effect  of  pushing  forwards  their 
contents.  In  the  forced  or  extraortlinary  actions  of 
tiio  thorax,  these  effects  may  be  even  considerable, 
although  we  cannot  suppose  that  they  will  be  very 
powerful  in  ordinary  respiration,  and  upon  the  whole 
we* may  conclude,  that  they  are  nmch  less  thau  was 
supposed  to  be  the  case  by  the  physiologifits  of  the 
last  century. 

j^,^^^  Changes  produced  upon  the  Air  bif  liespiration. 

•  I  Ff om  an  inspection  of  the  anatomy  of  the  pulnio- 
narj^  organs,  and  paiticularly  of  the  complicated 
apparatus  by  which  the  air  and  the  blood  are  brought 
within  the  sphere  of  their  mutual  action,  it  was 
aatiiral  to  conclude,  that  the  principal  use  uf  the 
lungs  is  to  proilucc  some  change  in  the  blood  through 

*  Sgnac,  Mem.  Acad*  pour  J  724,  p.  173;  Haller,    El.   Phys- 

^Wt,  ?.  6*     CruicksItaiVk  supposes  that  the  thoracic  duct  may  be 

a&cted  by  the  motion  of  the  diaphragm  in  certain  states  of 

UQusual  contractioni  but  not  by  its  ordinary  action.     On  the 

Absorbent  Vessels,  p.  168»  9- 


^ 


Changea  produced  upon  the  Ai^  by  Respiration » 

the  me^liiim  of  the  air.  Intimations  of  this  kind 
arc  frequently  met  with,  even  in  the  writings  of  the 
Miients  ; "  but  it  was  not  until  comparatively  of  late 
ytars^  that  we  obtained  any  clear  conception  of  the 
nature  or  effect  of  this  action*  Perhaps  the  most 
generally  received  opiniou  among  the  earlier  physio^ 
logists  was,  that  the  air,  by  being  taken  into  the 
lungs,  removes  from  the  blood  a  part  of  its  heat  and 
mtert  for  even  the  most  superficial  observer  could 
not  overlook  the  fact,  that  air  which  is  expired  from 
the  lungs,  differs  firoiu  that  which  is  taken  into 
ithcnv,  by  the  addition  of  warmth  and  moisture, 
'During  the  reign  of  the  mathematical  sect,  there 
waji  a  great  controversy  respecting  the  quettion*- 
whether  respiration  had  the  effect  of  rarefying  or  of 
etadcnsing  the  blood.  Those  who  supposed  that  a 
principal  use  of  this  function  is  the  exhalation  of 
water  from  the  lungs,  concluded  that  the  blood  most 
be  conden!5i*d ;  while  others,  who  conceived,  that  in 
the  process  of  re^iration  a  quantity  of  air  is  absorbed 
by  the  lungs,  were  equally  strenuous  in  maintaining 
tliat  the  blood  must  be  rarefied. 

Although  every  one  was  aware  of  the  necessity  of 

the   uuiutemipted   continuance   of  respiration,    yet 

tfaU  was  attributed  more  to  some  mechanical  efR^ 

^ithieh  it  produced  upon   the  motion  of  the  blood, 

thau  upon  a  change  in  its  qualities:  and  it  was  not 


Mt  lutt  be<e  ranarlPtd  that  Cieer«,  who  borrowed  hit  phrto* 
[•ophj,  b«>ib  nativil  aad  nofml^  Ami  die  Greekt,  ypeak*  of  ilitf 
iiimimairital  spMl,  iNii  aoiluag  la  wM  Abaul  iis  aittirt 
riaeieoropmiiMii  De  Nai.  Uasr.  lib.  iL  f  4% 
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Changes  prodated  upon  the  Air  by  Respiration.        M 

until  the  time  of  Boyle,  that  physiologists  were  fiilly 
sensible  of  the  fact,  that  a  perpetual  supply  of  sue 
cessive  portions  of  fresh  unrespired  air  is  essential 
to  life.  Boyle  discovered  this  fact  in  the  course  of 
\m  experiments  with  the  newly  invented  machine, 
the  air-pump ;  but  as  his  ideas  were  principally 
directed  to  the  investigation  of  the  mechanical  pro- 
perties of  the  air,  it  was  in  this  point  of  view  that 
he  almost  exclusively  viewed  its  action  upon  the 
lungs.  Yet  he  was  not  altogether  inattentive  to  the 
other  changes  which  it  experiences ;  ho  noticed  the 
moisture  which  was  exhaled  along  with  it,  and  he 
further  supposed  that  it  carries  off,  what  he  stiles, 
recrementitious  steams;  hut  he  does  not  give  us  any 
explanation  of  their  nature.  He  also  observed,  that 
under  certain  circumstances,  the  air  in  whicJi  an 
animal  had  been  confined  for  some  time,  was  dimi- 
Bifihed  in  bulk  ;  and  this  he  accounts  for  by  saying 
that  it  had  lost  its  spring/^  JVIany  of  Boyle^s  oon- 
temporaries  agreed  with  him  in  the  opinion,  that  the 
blood  parted  with  something  to  the  air  during  its 
passage  through  the  lungs ;  but  there  were,  on  the 
contrary,  many  eminent  physiologists,  and  parti- 
cularly among  the  chemists,  who  supposed  that  the 
Wood  acquired  something  from  the  air/     This  was 

3  BoyVi  Works,  v.  i.  p.  99.  et  seq.  and  v.  iti.  p.  3S3. 

*  We  have  a  curious  statement  by  Boyle,  Works,  v.  i,  p.  ID?, 
of  a  person  named  Debretle,  who  i$  6uid  to  have  contrived 
i  •ubmarjne  vessel,  and  also  discovered  a  kind  of  fluid,  which 
^applied  the  navigators  witli  wliat  wa«  necessary  for  Uieir 
respifattOQ.     Boyle  ib  well  known  to  have  been  too  much  dis' 
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the  opinion  of  Sylvius,'  Baglivi/  Borelli,'  Lower,'- 
and  Willis/^  who  imagined  either  tliat  a  jKJrtion  of 
the  whole  mass  of  air,  or  that  some  particular  part  or 
element  of  it,  entered  tire  blood.  Among  these,  the 
first  in  point  both  of  genius  aud  origiuality  was 
Mayow,  who  investigated  the  nature  of  the  change 
which  the  air  experiences  in  respiration  witli  peculiar 
felicity  of  experimental  research  and  acuteness  of 
reasoning.  He  announces  the  air  of  the  atmosphere 
to  be  a  compound  body,  and  that  it  contained^  as 
one  of  its  constituents,  a  peculiar  gaseous  substance, 
which,  from  its  supposed  connexion  with  nitric  acid, 
he  termed  nitro-aerial  spirit.  It  was  this  nitro-acrial 
spirit  which  gave  the  air  its  power  of  supporting 
flame,  and  it  was  the  same  volatile  spirit  which 
imparted  to  the  air  its  vital  properties,  and  which 
the  blood  abstractetl  from  it  during  its  passage  through 
the  lungs*  The  hypothesis  of  Mayow  seems  to  have 
attracted  considerable  notice  at  the  time  when  it  was 
proposed,  yet  it  was  shortly  afterwiurds  generally 
abandoned,  and  what  is  more  remarkable,  the  experi* 
ments  and  discoveries  of  Mayow^  respecting  the  cau- 
stitution  of  the  atmosphere,  which  were  extremely 

posed  to  credulity ;  and  we  may  venture  to  affirm,  that  the  *tory, 
lis  lie  tctlt  it^  cannot  be  correct,  yet  it  is  scarcely  probabte  ibfti 
the  whole  was  entirely  without  foundation. 

i  Praxis  Med*  lib.  i.  c  21.  '<  Opera,  p*  459.  0.  M 

T  Dc  Motu  Anim.  pars  5.  p.  US.     «  De  Corde,  p,  179-  et  acq. 

^  I'harm*  Ration,  pars  2*  p*  S4.     The  great  name  of  Niswton 

may  be  added  to  this  list,  as  ive  6nd  Uiat  he  supposed  there  waa 

an  acid  vapour  in  the  air»  which  wa^  ahiorbcd  by  the  Imigt 

duruig  respiration  ;  Otierai  a  Hor«]ey>  t  iw  Optics^,  p.  245. 
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dirimis*  atid  aclniirably  calculated  to  advance  our 
knowledge  of  natural  philosophy,  fell  into  neglect, 
and  at  length  were  almost  totally  forgotten,* 

»  TIi^  total  Deglect  into  which  the  experiments  of  Mayow  ha  J 
Men,  during  the  greater  part  of  tlie  last  century,  must  be 
regarde<l  as  a  very  singular  occurrence  in  this  history  of  science. 
Helivej)  at  a  period  when  experimental  research  was  becoraing 
ftriiioiialilej  and  had  been  sanctioned  by  many  illustrious  exam- 
ples;  hijs  experinienU  were  simple  in  their  contrivance,  and 
many  of  them  very  decisive  in  their  results,  and  there  does  not 
appear  to  have  been  any  circumstance  in  the  uiude  of  their  pub* 
lication  or  the  situation  of  the  author,  which  should  have  pre- 
vented them  from  meedng  with  due  regard  from  tlic  public* 
Ho  appears  indeed  to  have  been  pretty  fairly  estimated  by  his 
contemporaries,  as  we  find  his  works  referred  to  both  by  the 
English  and  French  physiologists,  and  generally  spoken  of  with 
a  due  degree  of  applause.  See  Lubbock,  in  London  Med* 
J<mm»  V.  t  p.  220, .  2.  After  an  attentive  perusal  of  his  works, 
I  coQiider  myself  jastiSed  in  pronouncing  Mayow  to  have  been 
a  man  of  extraordinary  genius,  and  jug  whb,  on  many  potatSi 
far  outs tript  the  science  of  his  age.  Yet  it  must  be  confessed, 
on  the  other  hand,  that  if,  at  one  period,  he  was  unjustly 
neglected,  he  has,  at  other  times,  been  far  too  highly  exiolled 
He  98^  the  analogy  of  respiration  to  combustion,  as  well  as  the 
ccHXiexiQii  which  »ubsidts  between  these  processes  and  one  of  the 
coMtituenta  of  the  atmosphere,  and  lie  had  also  f^ome  conception 
of  the  modern  doctnne  of  the  fonnatjon  of  acidji.  But,  I  con- 
ceiv€»  it  would  be  no  difficult  tai^k  to  prove,  that  on  all  these 
subject^  he  had  imperfect  notions  only,  and  that  many  of  his 
ideas  respecting  the  nitro-aerial  spirit*  as  he  terms  it,  are  inap- 
plicable to  the  modern  oxygen,  or  to  any  other  chemical  prin* 
riple.     See  note  30  of  the  Essay  on  Hesptration, 

In  order  to  enable  the  reader  to  form  a  clear  conception  of 

the  respective  merits  of  our  three  countrymen,  IJoyle,  Hooke, 

and  Mayow,  aiid  of  their  claims  to  originality ;  1   have  sub* 

joined  tJic  dates  of  some  of  tJteir  publications  which  give  an 

VOL.  XL  F 
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After  the  period  of  Majrow  our  knowledge  respMt^ 
it»g  the  change  which  the  air  experiences  b)*  re^ira*^ 


8cci>(iiit  af  the  constitution  of  the  atmospherct  and  iu  effects  on 
ecmibttstion^  respiration,  and  other  analogous  processes*  From 
tfacse  datd  it  may  be  fairly  questioned,  whether  Mayow  wil 
ilwayi  sufficiently  candid  in  noticing  the  labours  of  his  contem- 
perarJes.  Boyle  was  born  in  1627*  and  died  in  1691  i  his  pnn- 
cfpal  works  an  the  air  were  published  between  the  years  1G60 
and  1675.  Hooke  wus  born  in  1635,  and  died  in  1702;  he 
published  the  Micographia  in  1665,  and  the  ''  Lampai,**  in 
1677*  U  Is  in  the  former  of  these  works  that  he  fir^t  detaitf4 
his  ideas  respecting  combustion;  Ob«.  16,  entitled  **  of  Charcoal 
and  Burnt  Vegetables,**  p*  100.  et  seq.  He  eommetiees  tlie 
Laflq»«s  by  referring  to  the  Micrographia  as  containing  *'  his 
hypothesis  of  fire  and  fiame,  which,"  he  adds,  '*  hat  so  fir 
obtained,  that  many  authors  have  since  made  use  of  it  and 
asserted  it «**  p.  1,  See  also  Waiter's  Life  of  Hooke  prefixed 
to  his  posthutnous  works,  and  Ward's  Lives  of  tlie  Gresham 
P^of.  p.  IW*  Mayow  was  bom  in  16t5,  published  his 
tracts  in  167*^,  and  died  in  1679.  The  substitution  of  the  year 
1697  for  1679,  in  Mr.  i3rande*s  Manual,  as  the  date  of  Mayow% 
death,  rs,  no  doubt,  an  error  of  the  press  ;  compare  p.  64  with 
p.  69-  With  regard  to  the  estimate  of  Mayow^e  philosopKicaf 
cfiaracler,  Bhhough,  in  many  respects,  I  have  the  satisfactitm 
of  coincidrng  with  Mr.  Brande  in  the  high  commendation  which 
he  bestows  upon  it,  p.  68.  .79;  yet  1  cannot  bat  think  that  hO| 
like  Buddoen  and  Dr.  Yeats,  has  over«roted  his  mcrtu;  at  the 
same  time,  I  admit,  that  In  the  contrivunce  and  the  execution 
of  his  enperintents,  he  appears  to  have  been  more  succeesAil 
than  any  of  his  eontetnporariss*  See  Heddoes  s  *'  Cliemical 
Experiments  and  Opinions,"  &c.  and  Yeau's  **  Obsenraiionti*' 
&c.  llobiiton  strongly  advocates  the  merits  of  Hooke  ogaiiM 
those  of  Mayow ;  UlackV  Lectures,  note  Li.  v.  i*  p.  5S5  .H.  Mid 
note  3  f  *  vol.  i*  p*  559.  Foercroy,  I  conceive,  formed  a  ntort: 
correct  estimate  of  Ma)Ow*s  merits;  Encyc*  Mcth.  art.  Chiw. 
U  iti.  p.  390,  and  Ann^  Chim*  t.  xaix.  p.  1^%  et  seq«    Feriiep^ 


DUcoviries  of  Black. 

tion  was  decidedly  retnjgjnide.  Even  Hales,  who 
devoted  so  much  of  liis  time  and  attention  to  the 
inva<itigation  of  the  properties  of  air  generally,  and 
to  the  subject  of  respiration  in  parti<!ular,  appeared 
to  have  no  distinct  conception  of  any  proper  chejiiical 
effect  being  produced  by  this  function,  a  circiim- 
8tance  which  is  the  more  remarkable,  as  it  would 
appear  that  he  was  not  unacquainted  with  Mayow^l 
discovery."-  The  result  of  Hales's  experiments  wa* 
that  the  air  receives  the  addition  of  a  quantity  of 
aqueous  vajKiur  and  certain  noxious  effluvia,  and  has 
its  elasticity  diminished;^  Boerhaave  ingenuously 
eonfesses  his  ignorance  on  the  subject/  and  Halter, 
after  reviewing  with  his  accustomed  candour  the 
opinions  of  his  predecessors,  coincides  very  nearly 
with  the  doctrine  of  Hales/  ^ 

It  was  about  this  period  that  Black  commenced 
his  chemical  discoveries,  one  of  the  most  important 
and  best  established  of  which  was,  that  a  quantity  of 
what  was  then  termed  fixed  air,  or  as  we  now  more 

one  of  Iho  most  striking  proofn  of  the  neglect  into  which 
Mayow's  works  had  fallen  about  the  middle  of  the  last  centufy 
is  the  circumstance  of  his  disco verie$  on  air  not  having  b^ea 
•lloded  to  by  Pringl^,  in  his  address  ta  the  Royal  8ociety» 
00  presenting  Priestley  with  the  Copley  Medal ;  Discourses, 
Ho.  1. 

2  Statical  Kgsayi,  v.  I  p.  231. .  6* 

«  Ibid.  V.  ii,  p.  94,  100.  et  nlibi. 

*  Prjieleut.  t.  li.  ^  205.  cum  notii ;  t.  v*  §  G25«  cum  noti<  et 

bit 

i  Not.  40.  ad  Boer.  Pre),   t.  v*  §625;  El.  Phys.  vili.  3.  IJ, 
viii.  5*  19,  0.  et  alibi. 
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Discoveries  of  PrieUltii* 


correctly  designate  it,  carbonic  acid^  is  produced  in 
the  lungs,  and  that  the  air  of  expiration  essentially 
differs  from  that  of  inspiration  by  the  addition  of 
this  substance/'  This  may  be  justly  regarded  as  the 
first  step  towards  a  correct  view  of  the  nature  of  the 
function  of  respiratioti,  and  the  brilliant  career  of 
discovery  respecting  the  gaseous  bodies,  upon  which 
Priestley  was  now  entering,  most  fortunately  contri* 
butcd  still  farther  to  advance  our  knowledge.^  After 
he  had  made  us  acquainted  with  the  nature  and  pro- 
perties of  oxygen,  and  shown  that  it  is  one  of  the 
coustitueuts  of  the  atmospliere,  he  instituted  an 
extensive  train  of  experiments  for  the  purpose  of 
ascertaining  the  state  of  the  air  under  different  cir- 
cumstances in  relatioii  to  the  quantity  of  oxygen 
which  it  contains^  and  he  found  that  respiration,  in 
the  same  manner  with  combustion  and  other  analo* 
gous  operations,  diminishes  the  proportion  of  oxygen, 

^'  Blacks  Lectyres  by  HobUoii,  v.  li.  p.  87,  100,  2fM-.  Hal- 
Ji;r*s  third  volume,  which  contama  an  account  of  respiration,  was 
publUlied  in  1760;  aee  alisl  cf  his  publications,  with  their  dates, 
prefixed  to  his  Op.  Min«  p.  xix.  Black  appears  to  hove  made 
hi*  discovery  about  1757,  and  we  may  presume  that  heshoitly 
after  announced  it  in  his  lectures. 

^  Friestley's  first  account  of  his  experiments  and  discoveries 
on  the  gaMS  was  read  to  the  Koyal  Society  in  March  1772 ;  and 
from  the  prodigious  extent  and  originaUty  of  the  matter  which 
it  contains,  it  necessarily  follows,  that  hts  attention  must  have 
been,  for  some  time,  occupied  with  the  subject,  while  from  the 
peculiarly  ingenuous  and  open  disposition  which  he  always  mani- 
fcated,  we  can  have  no  doubt  that,  from  time  to  time,  he  iti- 
f4inm*d  his  numerous  friends  and  correspondents  of  the  succe«i  of 
his  in%fV(ligations. 
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Discoveries  o/'  Lavoisier* 


md  reduces  the  air  to  the  state,  which,  in  contbmiity 
irith  the  h)^othesi8  at  that  time  generally  adopted, 
was  termed  phlogisticated.  Priestley*s  conclusion 
therefore  was,  tliat  respiration  deprives  the  air  of  a 
portion  of  its  oxygen,  and  imparts  to  it  a  quantity 
of  phlogiston  and  aqueous  vapour.^ 

Shortly  after  the  publication  of  Priestley's  experi- 
ments, the  subject  of  respiration  was  taken  up  by 
Lavoisier.  Although  this  philosopher  is  perhaps 
less  distinguislicd  for  his  own  discoveries,  than  for 
the  aciiteness  which  he  displayed  in  generaUzing  and 
reasoning  upon  the  discoveries  of  others,  yet  there  is 
no  individual  to  whom  the  science  of  chemistry  is 
more  indebted,  from  the  minute  attention  to  stutica! 
accuracy  of  which  he  showed  the  first  example,  and 
in  which  the  exi)erinients  of  the  chemists  of  the  pre- 
sent  day  so  much  exceed  those  of  the  most  celebrated 
of  their  predecessors.  He  examinetl  with  his  accus- 
tomed address  the  conclusion  of  Priestley  ;  he  agrees 
ivith  him  respecting  the  important  fact  of  the  con- 
sumption of  oxygen,  but  he  points  out  a  distinction, 
which  had  been  hitherto  disregarded,  between  the 
various  processes  tliat  had  been  classed  together 
under  the  title  of  phlogistic  ;  that  .some  of  tliem,  as, 
for  example,  the  cakinatioii  of  metals,  consisted 
merely  in  the  abstraction  of  oxygen  from   the  air, 

*  Phil,  Trans,  for  1776,  p,  147*  lo  the  first  of  his  odginal 
volumes  onair,  published  in  1774^,  he  announced  ihat  air  which 
had  been  respired  ^as  affected  in  the  same  manner  as  by  puire- 
factiooi  and  that  one  use  of  the  blood  i&  to  carry  off  put  rid  mat* 
terfrora  the  living  body,  p.  78. 
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whereas  in  otheru,  among  which  he  classes  reapi 
tiim,  wc  hare  not  only  the  abstraction  of  oxygen, 
but  tlie  production  of  carbonic  acid-  His  general 
conclusions  therefore  are,  that  the  effect  of  respira^ 
tion  is  to  abstract  oxygen  and  to  produce  carbonic 
acid  ;  he  further  conceived  that  the  total  volume  of 
the  air  is  diminished,  while  the  nitrogen  he  supposes 
is  not  affected  by  the  process,  but  that  it  simply 
fl^rres  the  pnq>ose  of  diluting  the  oxygen.^  Lavoi- 
sier, in  this  memoir,  docs  not  notice  tlie  aqueoui 
vapour  which  is  discharged  from  the  lungs,  and 
which  he  afterward*  made  the  subject  of  an  elaborate 
train  of  experiments;  we  may  therefore  presume  that, 
ftt  this  period,  be  considered  it  as  merely  diffused 
through  the  air  by  evaporation  from  the  trachea  and 
air  vesicles,  and  not  as  fonneil  by  the  operation  of 
any  chemical  aflinity. 

The  doctrine  of  Lavoisier  concerning  the  chemical 
effects  of  respiration  on  the  air  was  generally 
Mqniesced  in  by  the  contemporary  phyeolc^ists,  at 
kast  in  its  more  important  parts,  so  that  since  his 
time,  the  attention  has  been  principally  directed  to 
estimate  the  amount  of  the  various  changes  which  be 


«  Mem.  AcaiJ.  Scien.^our  1777,  p.  185.  et  »eq*     It  is  impos- 


iiible  to  omit  noliciog  that  in  thia  paper  Lavoisier  makei  no 
tnention  of  Dr,  Black,  although  he  liad  publicly  taught  in  hta 
lectures  for  twenty  yeani,  that  carbonic  acitl  is  produced  by 
rwpiration,  ^or  w  Black  mentioned  by  Morveau  in  lia  aceoont 
of  the  successive  dtscoveriea  that  had  been  made  on  lbe«iibj«ct 
of  Feipiration,  given  in  the  Encyc.  Meth.  Chimie,  art.  ••  Air," 
111  tht  icet  on  respiration,  under  the  hcnd  ^  Acide  Mephe* 
tique;'*  this  was  written  in  1780. 
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Inquirif  into  the  Oxygen  consumed  in  litspirulion.      7t 

lUpposed  to  take  place.  These  I  shall  now  therefore 
proceed  to  examine  id  succession,  under  the  five 
following  heads ;  the  quantity  of  oxygen  abstracted 
from  the  air,  the  carbonic  acid  formed,  whether  the 
volume  of  the  air  he  affected  by  respiration,  whether 
the  nitrogen  he  affected,  and  lastly,  I  shall  inquire 
into  the  origin  and  quantity  of  the  aqueous  vapour* 

With  respect  to  the  first  of  the  subjects,  the 
abstraction  of  oxygen,  besides  the  inquiry  respecting 
the  absolute  quantity  of  it  which  disappears,  there  ig 
another  point  which  must  be  attended  to,  what  pro- 
portion of  it  is  it  necessary  for  air  to  contain,  in 
order  to  render  it  fit  ibr  the  support  of  life.  Although 
it  might  have  been  supposed  that  these  questions 
xvould  have  been  easily  answered,  by  a  sufficient 
number  of  well  directed  experiments  ;  it  appears  in 
hct  that  this  is  not  the  case,  for  we  find  tliat  there 
are  many  circumstances  connected  with  the  living 
body,  and  especially  influencing  the  action  of  the 
lungs«  which  it  is  very  difiicult  cither  to  j^uard 
against  or  duly  to  appreciate.  The  capacity  of  exist- 
ing in  air  of  a  certain  standard,  or  of  abstracting 
oxygen  from  the  mass  of  air,  depends  very  much 
upon  the  peculiar  constitution  of  the  animal  as  to 
it»  temperature  and  other  functions,  and  still  more, 
upon  the  structure  of  its  lungs  and  organs  of  circu- 
lation. As  a  general  principle  it  appears  that  animals 
which  possess  the  highest  temperature,  whose  lungs 
have  their  air  cells  the  most  minutely  sub-divided, 
and  the  whole  of  wliose  blood  passes  through  the 
lungs  at   each  circulation,    consume  most  oxygen, 
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require  a  greater  proportion  of  it  in  the  air  which 
they  breathe,  ami  possess  the  power  of  deoxidating 
it  in  a  less  degree.  This  will  apjiear  to  be  the  case 
if  we  compare  together  the  lour  great  divisions  of 
birds,  niaiinnaha,  amphibia,  and  mollusca :  birds, 
whose  tein[ieratiire  is  upon  the  average  about  104®, 
consume  more  ox)gen,  require  a  purer  air,  and  less 
completely  deoxidate  it  than  the  mammalia,  wlioi 
temperature  is  al>out  9B^,  while  the  last,  on  all 
tbcBe  poMits,  are  much  exceeded  by  the  cold-blooded 
animals.^  So  far  as  we  know,  the  power  of  all  the 
animals  belonging  to  the  great  division  of  the  niani* 
malia  is  nearly  the  same,  and  is  similar  to  that  of 
the  luuiian  species.  This  will  of  course,  be  the  maia 
object  of  our  investigation,  although  I  may  occasion 
ally  refer  to  tlie  other  classes  of  animals  either  f 
the  purpose  of  illustration,  or  where  the  facts 
experiments  are  thenisclves  so  important,  as  t^  be 
object  of  attention  on  their  own  account. 

In  forming  an  estimate  of  the  absolute  amount  of 
oxygen  consumed  in  respiration,  there  are  many  eu*- 
cumstanccs  which  tend  to  interfere  with  the  results* 
and  to  render  it  difficult  to  ol>tain  a  correct  estimate. 
Besides  various  points  connected  with  the  manage- 
tneiit  of  the  apparatus,  and  the  nicety  of  the  mani- 
pulatious,  there  is  ou6  of  a  physiological  nature, 
which  was  first  noticed  by  ( Vawford,  was  afterwards 
more  fully  developeil  by  J  urine  and  Lavoisier,  and 


lit* 
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*  Chaptal's  Chem.  v.  i*  p.  Ii8.  et  ieq, 
.p,  15S,  9 ;   Vauquelin,    Ann.  Chem.  t- 
Edwircbi  de  Plsifluence,  &c*  |iart  iv.  c  7. 


:  Iliggins^s  Mlnuies, 
xH.   p.  TIS.  et  leq,  ; 
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Experiments  of  Lavomer.  7f 


has  been  lately  still  farther  iovestigated  by  Dr.  Prout 
and  Dr.  Edwards.  I  refer  to  the  fact,  that  the 
respiration  of  the  same  indi\idiial  affects  the  air  in  a 
very  different  degree,  according  to  the  state  of  the 
functions  and  the  system  at  large.  The  i>oints  which 
have  been  more  particularly  attended  to  are  the 
tempci-ature  of  the  air  respired  and  of  the  animal^ 
the  degree  of  muscular  exertion,  the  state  of  the 
digestive  organs,  the  presence  of  febrile  action,  and 
the  hour  of  the  day,  to  which  some  others  may  be 
added,  probably  of  less  niomeiit.  It  is  hence  obvi- 
ous, that  all  which  we  can  accomplish  in  experinieuts 
of  this  kind  is  to  obtain  an  average  result,  and  evfen 
this  subject  to  many  modifications  which  must  mate- 
rially diminish  the  certainty  of  any  conclusions  that 
we  form  concerning  it. 

The  first  experiments  on  the  actual  amount  of 
oxygen  consumed  in  respiration,  which  were  per- 
formed with  any  degree  of  accuracy,  were  two  of 
Lavoisier's,  in  which  he  cx^nfined  a  guinea  pig  in 
pure  oxygen,  and  afterwards  in  air  containing  a  much 
greater  proportion  of  it  than  exists  in  the  atmo- 
sphere.^ The  gas  was  confined  by  mercury  ;  in  the 
Krst,  the  quantity  was  LM8  cubic  inches,  and  the 
experiment  was  continued  during  an  hour  and  a 
quarter ;  in  the  second,  wliich  laf^ted  for  an  hour  and 
a  half,  he  employed  1728  cubic  inches;  the  animal 

»  Mem.   Acad.  Scienc.  pour  1780,  p.  401.  *8;  Mem.  Soc- 
loy-  Med.  pour  1782,  3,  p.  572. ,  4 ;  Ann.  Chim.  t.  v*  p.  261-  et 
"seq.     TliU  latter  paper  is  wrilten   by  Segyio,  and  contains  a 
copious  extract  from  the  second  of  the  above  memoirs. 
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was  then  witlulrawii,  the  bulk  of  the  gas  was  noticed 
before  and  after  the  experiment ;  pure  potash  was 
introducetl,  in  order  to  absorb  the  carbonic  acid>  and 
tiie  bulk  of  the  gas  was  again  noticed*  In  the  Arsfc 
cssse  100  parts  of  air  were  diminished  3"5  per  cent, 
and  of  the  96'5  that  remained,  16  5  were  absorbed 
by  potash,  leaving  a  residuum  of  80  per  cent.  In 
the  second  experiment,  the  diminution^  in  the  Urst 
instance,  was  from  100  parts  to  96  82,  whieh^  aftef 
the  action  of  the  poUish,  was  farther  reduced  to  77*82. 
Thejie  ©xperimeuts  were  probably  performed  with 
great  care,  and  are  highly  interesting,  as  being 
among  the  first  which  this  distinguislied  chemist  per-* 
formed  on  the  subject  of  respiration ;  but  owing  to 
the  peculiar  circumstances  under  wliich  they  were 
made,  they  can  scarcely  bo  applied  to  what  takef- 
place  in  natural  respiration ;  in  the  commencemcntl 
of  the  experiment  the  animal  was  respiring  an  air™ 
considerably  purer  than  that  of  the  atmosphere^ 
while,  towards  the  conclusion,  the  reverse  would  take 
place*  ,|^ 

In  order  to  obviate  this  objection,  Menzics?  pro- 
ceeded upon  the  plan  of  examining  tlie  state  of  the^ 
air  after  it  had  been  only  once  respired,  when»  hflM 
ascertiining  what  proportion  of  oxygen  was  abstracted, 
he  calculated  the  total  quantity  whicli  would  be  con- 
sumed in  a  given  time.     The  result  of  Menaties'i 
experiments  was,  that   air,  by  being  once  respire 
had  .V  P^f^  ^f  ^^^  ^^^"^  converted  into  carbonic  acic 
from  the  known  composition  of  whidi  he  estimated 
that  the  quantity  of  oxygen  consumed  by  a  man  i| 
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Eipenments  of  Lavaisier  ofid  Sequin. 

84  hours  would  be  51840  cubic  inches,  equal  to 
17496  grs;*  This  estimate  of  Menzies  may  be 
regarded  aa  a  cousidcrablc  approximation  to  the 
truth,  yet  it  depends  upon  several  data  of  which  only 
a  vague  average  hatl  been  formed.  It  however 
daservcs  to  be  recorded,  as  the  first  experiment  in 
which  an  attempt  was  made  to  estimate  the  amount 
of  oxygen  consumed  by  the  human  subject. 

An  elaborate  train  of  investigation  was  conducted 
by  Lavoisier,  in  conjunction  with  Seguin,  upon  whom 
the  experimeTits  were  performed,  in  wliieh  an  appa< 
ratus  was  eraployed  moro  complete,  and  on  a  larger 
scale  than  any  which  had  hitherto  been  introduced 
into  physiological  inquiries.  One  principal  object  of 
the  experiments  was  to  point  out  the  effect  which 
different  states  of  the  system  produce  upon  the  re&* 
piration,  and  tliey  prove  them  to  be  much  more  con* 
riderable  than  had  been  previously  suspected,  while 
they  show  tliat  we  can  do  no  more  than  obtain  an 
average  result,  and  that,  after  making  many  allow- 
ances for  circumstances,  the  exact  amount  of  which 

e  are  unable  to  appreciate.  The  general  concluaion 
of  Lavoisier  was,  that  the  average  consumption  of 
oxygen,  during  24  hours,  is  46018  cubic  inches, 
equal  to  15541  grs;* 

3  Essay,  p*  50 ;  die  weights  as  given  by  Menzies  are  2^865*5 
gt§*  depend Ing  probably  upt>n  his  having  atlopted  a  diH^Vrent 
auanber  Tor  the  spedlic  gravity  of  oxygen  ;  I  have  followed  ihe 
Mifnate  given  by  Mr.  Br0nt!e;  Manuut,  v.  u  p.  316- 

"♦An  account  of  the  operations  of  Lavoisier  and  Seguin  ft 
contained  in  two  papers  in  th^  Memoirs  of  the  Academy  of 
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♦     Lavoisier  was  sttU  coutinuhig  his  researches,  aad 
had  constructed  a  new  and  more  perfect  apparatus, 
with  which  he  had  already  performed  some  experi*  i 
ments,  when  he  fell  a  victim  to  the  baiharous  furyj 
of  HobespieiTe.     The  results  of  bis  latest  operational 
have  been  fortunately  presen  ed,  and  arc  recorded  by] 
La  Place  ;  although  on  some  points  they  diflPer  frot 
the  former,  yet  they  nearly  agree  with  them  in  thi 
amount  of  oxygen  consumed  in  24  hours,  which  thej 
^tate  to  be  15592'5  grs.' 

Since  the  death  of  Lavoisier  this  point  has 
made  the  subject  of  experiment  by  Sir  H.  Davj 
who  by  adopting  a  plan  nearly  similar  to  that 

Sciences  for  the  years  1789  and  1790,  winch  give  a  detail 
the  resuTtfi  of  two  di&trnct  sets  of  experiments,  p.  566*  et 
find  p*  601*  et  seq.  But  nntwithslanding  the  apparent  altenrmit 
to  accuracy  in  every  part  of  the  processes,  the  details  do  tiot» 
in  all  cases,  corre4.pond,  nor  is  any  reason  assigned  for  their 
discrepancy.  The  weight  of  oxygen  consumed  is  given  %*ery 
nearly  the  same  in  botli  the  papers,  in  tlic  fir£t  heing  1908Qi«.i 
French  grains,  in  the  second  19090,  But  the  volumes  art^J 
Stated  very  differently ;  the  first  being  24^  and  the  latter  lome- 
tiling  more  than  22  Paris  feet*  This  difference,  we  may  pre- 
iume,  depends  up(m  difftvrunt  eiiti)nates  of  the  specidc  gravtti| 
of  oxygen^  To  make  the  numbers  correspond,  we  must  tak 
the  weight  of  100  cubic  inches  of  oxygen  at  31-572  grs. 
the  first  case,  and  in  t!»e  second  at  3*  gri*  after  reducing  i 
French  weight*  and  measures  to  tho  English  standard  :  t  haf< 
adopted  the  volume  mentioned  in  the  second  experiment, 
we  may  presume  this  was  Buppo^ed  to  be  a  correction  of  tl] 
former.  It  must  be  rcmenibored,  that  in  these  experinients, 
tlie  measures  are  the  direct  results,  and  the  weigliLs  estimated 
from  the  nieosures. 

i  SuppU  to  Knc.  Brit,  v.  ii.  p,  59f. 
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Menzies,  Tvhich  consisted  in  ascertaining  what  pro- 
portion  of  its  oxygen  the  air  lost  by  being  once 
respired,  estimated  tlie  quantity  of  oxygen  consumed 
in  a  minute  at  31  "6  cubic  inches j  wliich  will  give  us 
4550+  cubic  inches  or  15:^:17  grs,  in  2i  hours.^ 

In  the  Philosophical  'rransaclions  for  the  years 
1808  and  1809,  we  have  an  account  of  a  series  of 
experiments  which  were  performed  by  Messrs.  Alien 
and  Pepyg,  on  the  changes  produced  in  atmospheric 
air  and  in  oxygen  by  respiration.  With  respect  to 
the  correctness  of  the  detail,  and  the  minute  accu- 
racy with  which  the  various  chemical  processes  were 
conducted,  it  is  impossible  to  speak  too  highly,  but 
I  think  it  may  be  questioned,  whether  the  operators 
were  equally  fortunate  in  some  of  the  mechanical 
parts.  The  apparatus  consistetl  of  a  large  water 
gazometer  and  a  mercurial  giizometer,  which  were  so 
arranged,  •*  that  the  inspirations  were  made  from  the 
water  gasometer  and  the  expirations  from  the  mercu* 
rial  gazometer  alternately;'*  while,  in  order  to  keep 
the  portions  of  gas  separate  from  each  other,  it  was 
necessary  for  the  operator  to  open  two  cocks  during 
each  act  of  respiration,  one  connected  with  each 
of  the  gazomcters.  The  individual  on  whom  the 
experiment  was  perfonned  began  by  making  a  com- 
plete expiration,  and  after  having  continued  the  pro- 
cess as  long  as  was  thought  necessary,  he  concluded, 
by  emptying  the  lungs  as  completely  as  possible." 

^  Researclies,  p,  4f?  L  .  4. 

'  Fhil.  Trans,  for  1808,  p.  Z50,  2. 
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*  It  nmst,  I  appreheiitl,  be  giifficieTitly  obviouf, 
that  upon  this  plan  the  respiration  was  not  carried 
on  in  the  natural  manner,  and  the  observations  a£ 
the  experimini talis ts,  although  intended  to  conv^ 
the  contrary  impression,  prove  that  this  was  the 
They  give  ns  the  reeidt  of  ten  experiments, 
longest  of  which  lasted  eleven  minutes,  and  in  each 
of  which  betweeu  3  and  4000  cubic  inches  of  atmo- 
spheric  air  were  respired.  They  remark  that  *'  the 
operator  was  scarcely  fatigued,  and  his  pidse  not  raised 
more  than  about  one  beat  in  a  minute ;  the  respira* 
tions,  however*  were  deeper  and  fewer  than  natural, 
amounting  only  to  about  58  in  11  minutes,  where 
from  repcatal  observations  at  different  and  distani 
times,  he  makes  19  in  a  minute/'®  I  conceive 
will  be  thought  that  a  mode  of  respiring,  whie 
coidd  produce  such  considerable  effects  in  the  short 
period  of  1 1  minutes^  must  have  been  very  far  fro 
exliibiting  the  state  of  the  lungs  in  their  natu 
action/*  So  far  as  respects  the  present  question,  t 
absolute  amount  of  oxygen  consumed  in  a  givei 
time,  it  was  found  that  air,  after  having  been  one© 
respired,  contained  only  12*5  per  cent,  of  oxygefli 
8*5  per  cent,  having  been  c?onsumed  and  its  pi 
supplied  by  an  equal  bulk  of  carbonic  acid  ; '    hett< 

'^  Phil.  Traas,  for  J  808,  p-  253. 

9  Asa  |)roof  thnt  the  mechanical  action  of  the  lungs  was  nc 
perrortned  In  a  perfectly  natural  state,  I  may  remark  that  t!i 
qiinntity  of  air  taken  in  tit  a  single  respiration  vrat  no  more  thii 
16^  cubic  incheti  p.  256. 

»  P.  ^5,  '279.     Thit  remark  only  applies  to  the  respiration ' 
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we  deduce  tliat  the  average  quantity  in  24  hours  is, 
imder  ordinary  circumstances,  89534  cubic  feet,^ 
equal  to  13343  grs.  It  may  appear  somewhat  remark- 
able, that  although  according  to  tlic  method  m  which 
these  experiments  were  periomied^  the  lungg  were 
mure  completely  emptied  than  in  nat\iral  respiration, 
and  therefore  that  the  change  produced  in  the  air 
should  have  been  proportionally  greater,  yet  the 
quantity  indicated  is  less  than  in  the  experiments 
either  of  Jfeuzies,  Lavoisier,  or  Davy;* 

Since  the  experiments  of  Messrs.  Allen  and  Pepy^ 

of  atmospheric  air  under  ordinary  circumstances ;  when  the 
same  air  wm  respired  as  frequenlly  as  possible,  until  symptoms 
of  suffocation  were  produced*  the  quantity  of  oxygen  absorbed 
is  10  per  cent.  p.  S62.  »4|| 

»  Ibid.  p.  265,  6. 

*  Consumption  of  oxygen  in  24-  bours^ 
According  to  Menzics  51340  cubic  inches,  or  17496  grs. 

LavoiEter  4G048  .  . ^  or  \55^l  grs. 

Davy  4550* ,  or  15337  grt. 

Allen  and  Pepys  39554  . , *  • . ,  or  13343  grs. 

But  this  apparent  discrepancy  will  probably  be  removed  by 
the  consideration,  that  when  these  philosophers  performed  their 
experiments,  it  was  generally  supposed  that  the  aimospherc* 
consisted  of  *27  oxygen  and  *73  nitrogen,  and  as  they  wouM 
no  doubt  employ  the  same  method  of  analysis  in  all  cases,  we 
n)ust  diminish  the  proportion  of  oxygen  in  all  the  j^tt^ps  of  tlie 
calculation.  The  27  per  cent,  of  oxygen  belore  respiration, 
which  was  supposed  to  be  diminished  to  22*5,  leaviiig  a  defi- 
deocy  of  4*5,  will  therefore  become  21  before,  and  17*4  after 
respiration,  leaving  a  deficiency  of  3*6  only  ;  if  we  apply  this 
scale  of  proportion  to  Sir  H.  Davy's  estimate,  it  will  reduce  it 
from  15337  grs.  to  12272  gra.,  leaving,  as  might  be  expected, 
ji  superiority  in  ffuantity  to  Messrs.  Allen  and  Pepys's  experi- 
ments ;  and  the  same  remark  of  course  appliet»  to  the  others. 
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the  cliemical  effects  of  respiration  have  been  very 
minutely  examined  by  ])r.  Edwards,  and  he  has 
given  us  the  result  of  liis  in\'estigations  in  a  treatise 
of  tincomraon  merit,  whether  we  regard  the  decisive 
nature  of  the  exiienments,  the  cloamess  and  sim- 
plicity with  which  they  are  narrated,  or  the  extensive 
inforniatien  which  is  displayed  on  all  points  connected 
with  the  animal  occonomy.  *  Among  the  most  valuable 
facts  of  Dr*  Edwards's  essay  is  the  conclusion  which  we 
arc  led  to  form  respecting  the  difference  in  the  effect 
of  the  respiration  of  the  different  animals,  and  of 
the  same  animal  under  different  circumstances.  This, 
while  it  encrca.ses  the  difficulty  of  ascertaining  the 
absolute  amount  of  the  changes  that  are  produced  in 
the  air,  shows  us  that  many  of  the  discrepancies 
%vhich  li ad  been  noticed  between  the  results  of  former 
experiments,  depend  not  so  much  upon  any  inaccu- 
racy ill  the  process,  as  ui>on  an  actual  difference  in 
the  effect  produced,  of  which  the  experimentalists 
were  not  aware.  Although  we  shall  have  occasion, 
in  numerous^  instances,  to  profit  by  Dr.  Bdwards*s 
labours,  he  does  not  give  us  any  information  respect* 
ing  the  immediate  subject  of  our  present  iuquirj'* 
the  absolute  quantity  of  oxygen  consumed  by  a  man 
in  a  given  time.^ 

«  Dc  rinfluencc  des  Agens  phy»iquee  sur  la  Vie* 
i  Thenard  informs  us,  in  a  general  w&y,  and  ivitbout  specify* 
ing  any  particular  authority,  that  air,  after  being  once  respired, 
coalaioa  from  18  to  19  per  cent,  of  oxygen^  a  quantity  which 
is  greater  than  what  has  been  uii&igned  by  any  of  the  experi* 
ntcntaliats  who  have  minutely  attended  to  the  lubject;  Cbimie, 
I.  iii.  p«  &6Q, 


Siate  of  the  Air  necessary  for  Life. 

cspcct  to  the  question  which  was  alluded  to 
above,  what  proportiou  of  oxygen  must  there  be  iu 
air,  in  order  to  render  it  fit  for  the  support  of  life, 
we  have  no  facts  that  can  lead  us  to  any  very  decisive 
conclusion,  Asa  general  principle  we  find  that  animals 
enclosed  in  a  given  portion  of  air  die  long  before  the 
consumption  of  the  whole  of  the  oxygen,^  and  that 
the  fatal  effect,  in  this  case,  immediately  depends  not 
upon  the  absence  of  oxygen^  but  upon  the  presence 
of  the  carbonic  acid  which  is  substituted  in  its  place. 
The  only  experiment  that  I  have  met  with,  on  which 
we  can  depend,  as  giving  us  any  accurate  information 
on  this  point,  is  one  of  Lavoisier's,  in  wliich  he 
found,  that  when  the  cai'bonic  acid  was  carefully  re-, 
moved  by  caustic  potash,  as  fast  as  it  was  formed,  a 
guinea  pig  could  live,  without  any  appaicnt  inconve- 
nience, in  air  that  contained  only  6.66  per  cent,  of 
oxygen,  and  even  when  the  proportion  was  still 
farther  diminished,  the  only  obvious  effect  produced 
upon  the  animal  was  a  degree  of  drowsiness/     As 

^  FromthiB  remark  we  must  except  mauy  of  the  lower  ttribes 
of  animab ;  Vauquelin  found  timt  certain  species  of  limax  and 
helix  have  the  power  of  completely  deoxidizing  the  air  in  which 
they  are  confined  ;  Ann.  Chini.  t.  xil  p.  278.  et  seq.  Spallanzam 
also  obtained  the  same  results  with  various  kinds  of  worms ; 
Mem.  sur  la  Respiration,  p,  62. 

7  Mem*  Acad*  ^Scien.  pour  1789,  p*  51S.  Messrs.  Allen  and 
Pepys  also  witnessed  the  same  effect  in  a  similar  kind  of  experi- 
metitv  in  which  a  guinea  pig  was  inclosed  in  a  portion  of  air 
consisttng  of  a  mixture  of  oxygen  and  hydrogen  ;  Phil.  Trans* 
for  1809,  p,  421;,  i2S. 
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the  tonperatiire  of  the  guinea  pig,  and  structure  of 
its  luiigB^  if  the  same  Trith  that  of  man*  it  may  be 
presumed  that,  tmder  the  same  circumstances,  human 
life  might  be  supponed  by  air  of  similar  compositiou ; 
bat  this,  we  must  bear  in  mind,  could  probably  only 
be  the  case  under  the  most  favourable  circumstances^ 
where  every  extraordinary  source  of  expenditure  waa 
guarded  j^inst,  or  did  not  exist.^  M 

The  next  point  which  we  proposed  to  examine  is 
the  quantity  of  carbonic  acid  produced  by  respiration. 
The  fact  of  its  presence  in  air  that  lias  been  respired, 
i  have  ahready  mentioned,  as  one  of  the  mosk  inte- 
resting of  the  discoTcries  of  Blad^  but  it  does  not 
appe^  that  he  made  any  attempt  to  ascertain  its 
quantity.     Lavoisier,  in  his  first  memoir  on  rcspira- 

*  Hsiley,  ia  his  proposal  for  improving  tbe  constructton  of 
the  diving  bell,  Phil,  Traos.  v.  xxix.  p,  492.  et  seq.  observes 
tliAt  a  gallon  of  air  will  become  unfit  for  rcspintlion  in  a  little 
iDore  than  a  minute.  Lavoisier^  Ann.  CKim,  t*  v*  p.  26]»  in- 
hmm  U0  llMt  a  man  cannot  live  mure  than  an  hour  id  5  cubic 
feet  of  air*  Sir  G.  Bkne  gives  us  an  important  practical  obser- 
vation on  this  subject^  which  Is  deiluccil  from  very  extenaive 
obi<nrat}i>n ;  that  in  c:alculating  for  the  arrangements  of  a  hot* 
|ilta1|  eacli  individual  should  be  allowed  a  apace  of  600  cubic 
iteif  httlow  wluch  it  will  be  found  impossible  to  maiotaiti  the 
tec{ttUite  purity  of  the  air;  Med,  Chir.  Trans,  v.  iv.  p*  MS, 
Dr.  Edwards  lia»  given  us  tlic  reault  of  his  experiments  on  tha 
extreme  limits  of  the  rarefaction  of  the  air,  when  il  appears 
incapable  of  supporting  life  for  any  perceptible  length  of  tjmm  i 
this  for  birds  he  found  to  be  a  pressure  of  a  little  more  than  J 
iiielwa»  and  for  guinea  pigs  of  a  little  more  than  Si- ;  Dvs 
llDflQtQce  SiC,  p*  495. 
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Experiments  of  Jurine  and  Menziet, 

tjon,  informs  us  that  the  air  in  which  an  animM  had 
expired  contains  4  ^^  i**'  hiiik  of  carbonic  acid/ 
while  in  the  experiments  on  the  guinea  pig  which 
was  confined  in  pure  oxygen,  it  appeared  to  constitute 
about  4-  of  the  total  bulk  of  the  air,  when  it  was 
reduced  to  a  state  in  which  it  was  no  longer  fit  for 
the  support  of  life/  These  experiments,  however, 
do  not  give  us  any  information  concerning  the  quan- 
tity which  is  produced  under  ordinary  circumstances, 
The  solution  of  this  problem  appears  to  have  been 
first  attempted  by  Jurine ;  he  endeavoured  to  ascer- 
tain what  proportion  of  the  air  that  is  emitted  from 
the  lun^  in  natural  respiration  consists  of  carbonic 
acid,  and  this  he  estimates  at  about  -^  or  -^i*  a  quan- 
tity very  much  beyond  the  truth.  The  same  kind  of 
calculation  was  afterwards  made  by  Mendes,  although 
with  &  very  different  result,  for  he  conceived  that  the 
quantity  of  carbonic  acid  in  air  which  had  been  once 
respired  is  no  more  than  -^  of  its  bulk  ;  from  the  es- 
timate which  he  had  formed  of  the  total  quantity  of 

'  Mem.  Acad,  pour  1777,  p.  16D*  Crawford  infomis  qs  that 
when  an  animal  is  confified  over  water  about  -^  of  tht?  air  is  ab- 
sorbed, which  must  have  been  carbonic  acid ;  and  that  the 
lame  diminution  takes  places  over  mercury  if  potash  be  intrg- 
duccd  ;   On  Animal  Heat,  p,  14G,  7* 

»  Ann.  Chim*  t.  v.  p.  26}.  et  scq. 

»  Eocyc.  Meth.,  Art.  Medecine,  t.  i,  p.  4r4,  5.  Jurme*s  ex- 
periments were  published  in  17S7,  and  said  to  have  been  lately 
performed.  Men/jcs's  thesis  was  published  in  I7JX) ;  it  Is,  how- 
t*er,  extremely  probable  that  tlic  account  of  Jurine's  experi- 
ments, which,  I  believe,  first  appeared  in  the  Encyc,  Meth., 
had  not  reached  this  country  when  Mcazies  was  engaged  in  his 
investigations. 


Of  Lavmier  and  Sequin. 


air  rcspkctl  in  24  hours,  he  deduced  the  amount  of 
carbonic  acid  formed  to  he  51840  cubic  inches;^  equal 
to  24105'6  grs. 

The  quantity  of  carbonic  acid  produced  in  the 
lungs  was  one  of  the  points  to  which  Lavoisier  and 
Scguiu  particularly  directed  their  attention  in  the 
experiments  which  they  performed  in  conjunction ; 
but,  notwithstanding  the  natme  of  the  apparatus^ 
and  the  minute  attention  which  tliey  appear  to  have 
paid  to  every  circumstance  which  might  ensure  ac- 
curacy, the  estimates,  in  the  di6ferent  sets  of  expe- 
riments, diflFcr  considerably  from  each.  In  the  first 
set,  published  in  the  memoirs  of  the  Academy  of 
sciences  for  the  year  1789,  the  average  quantity  of 
carbonic  acid  in  24  hours  is  stated  to  be  17720*89 
grs/  in  the  following  year,  the  quantity  is  diminished 
by  more  than  4»  to  8450  24  grs.,^  and  according  to 
La  Place's  account,  it  was  reduced  still  lower  iu  La»» 
voisier's   last  cJtperimetit,   to  7350'4  grs.^     Sir  H> 

^  Essay,  p.  50. 

4  Mem.  Acad.  Scien*  pour  1789,  p.  577.  In  refernog  to  tht 
memoirs  of  the  Academy  of  Sciences^  it  is  necestsary  to  observe 
tkat  tlie  dates  pretixed  to  the  volumed  do  not  correspood 
to  the  acttml  date  of  pubHcation,  as  in  the  present  instancet 
where  the  volume  said  to  be  for  ITIK),  was  not  publieihed  until 
1793.  In  tracing  the  progress  of  experimental  rc6earcb>  were 
we  not  to  pay  attention  to  this  circumstance,  we  might  be 
misled  aa  to  the  respective  claims  of  conlemporar}^  writers  to 
the  priority  of  discovery.  On  this  account,  although  we  cannot 
suppose  that  any  deception  was  intended,  yet  the  plan  of  pub- 
lication adopted  by  the  Academy  Is  objectionable. 

*  MeiiK  Acad.  Scicn*  pour  1790,  p.  609. 

^  Suppl.  fQ  Encyc.  Brit,  v*  IL  p*  549.    No  explauatioa  in  of* 


Circumstances  sffecting  the  Carbonic  Add* 


Davy,  on  tlic  contrary,  estimates  the  amount  of  car- 
bonic acid  in  24  hours  at  nearly  the  quantity  which 
was  announced  by  Lavoisier  and  Seguin  in  their  first 
experiment,  17811*36  grs,/  and  Messrs.  AUcn  and 
Pepys  very  nearly  coincide  with  him  in  this  estimate.' 
I  have  already  stated,  that  the  absolute  quantity 
of  oxygen  consumed,  and  of  carbonic  acid  generated 
by  respiration,  is  materially  influenced  by  various 
causes  which  affect  the  state  of  the  constitution  and 


fered  by  Lavoisier  of  the  cause  of  these  different  results,  but 
they  may  perhaps  he  reconciled  by  some  circumstances  which 
will  be  mentioned  Iiereafter. 

7  Researches,  p.  434>.  It  is  stated  that  in  natural  respiration 
26" 6  cuhic  inches  of  carbonic  acid  are  formed  in  a  minute, 
which  will  be  SSSOI-  inches  in  2t  hours.  Mr.  Dalton  estimates 
the  carbonic  acid  produced  in  2*  hours  at  2-3  lbs.,  or  16126  grs. 
Manch.  Mem.  2d.  ser.  v.  ii.  p.  27. 

*^  PhiL  Trans,  for  1808,  p.  25G.  In  their  11th  experiment^ 
which  they  regard  as  the  one  that  is  the  most  to  be  depended 
upon,  they  found  2655  cubic  inches  produced  per  mmute,  or 
38232  in  21?  hours.  They  a  Ways  found  that  air  which  had 
been  once  respired  contained  ah  out  8-5  per  cent,  of  carbonic 
acid ;  p,  255 ;  and  it  is  remarkable  that  whether  the  respiration 
proceeded  at  a  quicker  or  glower  rate,  thu  proportion  of  car- 
bonic acid  reraamed  the  same;  p.  257.  When  the  same  air 
was  respired  for  a  number  of  times,  the  maximum  of  carbonic 
acid  was  10  per  cent.;  p.  2Vy2.  Dr.  Front  has  given  us  a  valuable 
synopsis  of  the  results  of  the  difierent  experiments  which  hme 
been  performed  for  the  purpose  of  ascertaining  the  quantity  of 
carbonic  acid  produced ;  it  appears  to  vary  from  10  to  345  per 
cent,  of  the  air  inspired;  Ann.  Phil,  v*  ii.  p.  353;  but  before 
We  can  draw  any  correct  deduction  from  them,  it  would  be  ne- 
cessary to  know  the  bulk  of  a  single  inspiration,  and  the  number 
of  iosplrations  performed  in  a  given  time,  iii  each  of  the  cases. 
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the  fimctions*  and  it  will  now  be  necessary  for  us  tt 
ittend  to  them  a  little  more  minutely,     Priestley,  ii 
fan  early  st^ge  of  his  experiments,  noticed  the 
ferent  effect   which   different  animals  of  the  same 
?fpecies  produced  upon  air,  principally  as  connected 
^^ith  their  age  or  apparent  vigour. **     Crawford  ex< 
tended  liis  observations  to  temperature,  and  show 
f\^y  actual  Experiment,  that  the  cjuantity  of  air  which 
an  animal  deoxidates  in  a  given  time,  is  less  in  pro- 
portion to  the  elevation  of  the  temperature/     Jurine 
appears  to  have  performed  a  number  of  experiments 
>on  ihifl   subject,  and  to  have  ascertained  that  dif- 
[•ferent  states  of  the  constitution,  in  the  same  indivi- 
I  dual,  influence  the  chemical  change  produced  upon 
^  the  air ;  that  whatever  quickens  the  circulation,  m& 
the  process  of  digestion,  exercise,  or  the  hot  stage  of 
fever,  increases  the  quantity  of  carbonic  acid,  while, 
on  the  contraiy,  it  is  diminished  by  the  cold  stage  of 
fever  or  by  bleeding.^     The  experiments  pcrfonneil 
,  by  Lavoisier,  in  conjmiction  with  Segiun,  continued 
the  rcsulU  of  Jurine,  and  afford  much  important  in- 
formation  respecting   the    aljsolute  amount   of  the 
effect  produced  under  the  various  circumstances  of 
temperature,  exercise,  and  the  process  of  digestion. 
As  a  standard  to  which  the  rest  of  the  experiments 
might  be  referred,  they  state  that  a  man  at  rest*  with 
the   stomach    empty,    and  at   the   temperature   of 
82®  Fah.,  in  the  space  of  an  hour,  consumes  1210 

«  ExperimenlB  on  Air,  (I ft  teriei)  v.  L  p.  72. et  alibi. 

»  On  Animal  Heat,  p,  !H  I. ,  5 ;  59T»  S, 

t  EncyOi.  MiHfc.  An*  **  Medecinc,*'  t*  L  p.  49i* 
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encli  cubic  inches  of  oxygen.  If  the  temperature 
be  lowered  to  57"^,  he  wiU  consume  1344  inches; 
during  the  process  of  digestion  the  quantity  mil  be 
increased  to  between  18  and  1900  inches;  by  violent 
exercise,  the  stomach  remaining  empty,  it  was  far- 
ther augmented  to  3200  inches,  and  after  taking 
food  it  was  still  farther  augmented  to  4600  inches/* 
(  A  series  of  very  curious  experiments,  which  bear 
upon  this  point,  was  perfonned  by  Dr.  Prout  in  the 
years  1813  and  1814.  He  discovered  the  remarkable 
lact,  that  the  amount  of  carbonic  acid  dischai'ged 
from  the  lungs  appeared  to  be  influenced  by  the  hour 
of  the  day,  and  that  this  occurred  in  a  very  uniform 
and  regular  manner.  The  greatest  quantity  of  car- 
bonic acid  discharged  from  the  lungs  in  a  given  time 
was  about  noon,  or  more  generally^  between  11  a,  m. 
and  1  p.  ni. ;  trom  this  hour  the  production  of  car- 
l)onic  acid  diminishes  until  it  has  reached  its  mini- 
mum quantity,  at  about  8-^  in  the  evening ;  it  re- 

ains  in  the  same  state  until  about  3~  in  the  morn- 
ing, when  it  suddenly  begins  to  increase;^     The  maxi- 

urn  quantity  he  found  to  be  4'1  per  cent,  and  the 
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*  Metn,  Acad,  Scien;  pour  17^9,  p*  575-  It  is  impossible  to 
avoid  noticing  and  regretting,  that  Lavoisier,  in  this  paper,  has 
made  no  mention  of  the  experiments  of  Crawford,  although 
they  were  publiiihed  14-  years  previous  to  the  date  of  his  onu 
xn^moir, 

*  Can  these  curious  results  of  Dr.  Prout*i«  be  explained  by  the 
observations  that  have  been  made  by  Dn  Edwards  on  ihe  trans* 
piration,  which  he  found  to  be  increased  during  sleeps  and  also 
to  be  greater  in  the  forenoon  than  towards  the  evening;  De 
I'Iniluence  ilx.  p.  8ia,321j  &c* 
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minimum  3*3  per  ceut.  of  the  oxygen  inspired ;  the 
mean  quantity  given  off'  in  24  liours  is  stated  to  b6 
3  45  per  cent' 

Another  singular  circumstance  noticed  by  Dr, 
Prout  is,  that  wlienever,  from  any  cause,  the  prtxluc* 
tion  of  carbonic  acid  has  been  either  increased  or 
diminished'  above  and  below  the  usual  maximum  or  ■ 
minimum  quantity,  it  will  be  found  to  be  inversely 
diminished  or  increased  in  an  eijual  proportion  dur^ 
ing  a  subsequent  diurnal  period,  AVe  have  the 
results  of  a  number  of  experhnents,  placed  in  the 
tabuiai"  form,  which  seem  fully  to  establish  the  fact ; 
and  by  comparing  the  circumstances  under  which  the 
experiments  were  mmlct  how^ever  difficult  it  may  be 
to  conceive  of  the  mode  of  operation,  it  would  appear 
that  there  is   no  other   assignable  cause   to  whiehj 

4  Ann.  Phi!.  ?*  iL  p.  330;  and  v.  iv,  p,  331 .  .i-.     If  we  assume 
the  quantity  of  air  respired  in  the  diurnal  period  to  be  1 L52000 
cubic  inches,  it  will  give  us  SDTH-  inches  of  carbonic  acid  prO'^^n 
duced,  au    estimate  which  approaches  very  nearly  to  tliat  o^^ 
Messrs.  Allen  and  Pepys,  and  to  the  corrected  estimates  of 
Menzies,  Lavoisier,  and  Sir  H.  Davy.     \Vc  must  remark  hei 
upon   the  different  proportion  of  carbonic  acid  in  the  exjieri 
.  meuts  of  Messrs.  Allen  and  Pepys,  and  in  those  of  Dr*  Froui 
the  first  being  S*5  per  cent,,  the  latter  only  3' 1-5,     Yet  the  total 
«]uanlity   of  carbonic  acid  produced  is  very  Dcj»rly  the  same; 
thiei  depends  probably  upoathe  respirations  in  the  former  expe- 
riments being  considerably  less  frei|ucnt»  and  therefore,  we  may 
petume*  the  inspired  air  would  be  more  completely  mixed  with 
the  contents  of  the  lung^^  and  al»o  from  the  bulk  of  a  singlfs 
inj»piration  being  bo  small  in  t]ie  individual  upon  whom  they  were 
performed ;  these  circumstances  may  be  partly  explaiued  by  titc 
nature  of  the  apparatus  wliicb  Uiey  employed. 


Dt\  Fi(f€*s  Experiments. 

the  diflFerence  can  be  attributetL'^  He  afterwards 
examined  into  the  effect  of  other  circumstances  upon 
the  production  of  carbonic  acid,  and  we  learn  that 
exercise,  if  long  continued  and  violent,  always 
diniinislies  the  quantity  of  carbonic  acid  produced ; 
that  fasting  has  the  same  effect ;  also  alcohol  taken 
into  the  stomach  under  any  form,'  probably  also 
sleep,  and  certainly  the  depressing  passions,  or  even 
strong  mental  emotions  of  any  kind,  while  no  per- 
ceptible effect  could  be  ascribed  to  a  change  of  tem- 
j>erature.  It  appears,  indeed,  that  whilst  almost 
every  variation  in  the  system  decreases  the  quantity 
of  carbonic  acid,  there  are  very  few  circumstances 
which  were  found  to  increase  it,  and  those  only  in  a 
slight  degree.^ 

t  About  the  same  time  that  Dr*  Prout  was  engaged 
in  his  inquiry,  Dr.  Fyfe  entered  upon  a  set  of  expe- 
riments respecting  the  effects  which  certain  sub- 
stances taken  into  the  stomach  produce  upon  the 
generation  of  carbonic  acid :  the  Ibllomng  are  the 
most  important  of  his  results.  He  fixes  upon  8^5  per 
cent,  as  tlie  quaotity  discharged  from  his  lungs  under 
ordinary  circumstances ;  "*  he  found  that  it  was  nuich 

6  Ann,  Phil  v,  ii.  p.  330,  338. .  0. 

7  This  appears  to  be  rhe  fair  influence  from  Beddoes*s  expe- 
ritnems,  although  his  Jivpothesis  incHned  hi  in  to  the  contrary 
conclusion*  The  ejcperiments  generally  tend  to  show  that  mus- 
cular action  promotes  the  consumplion  of  oxygen;  On  Fact-  Airs, 
parfcl.  §7.  p.  23..  26. 

•*  Ann.  PhiK  v.  ii.  p.  335. .  7  ;  also  v.  xiii.  p.  269,  0. 
^  Tim  cjuaotity  agrees  exactly  with  the  estimate  of  Messrs. 
Allen  and  Pepys,  while  it  very  fur  exceeds  that  of  Dr,  Prout ; 
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diminished  by  wine,  that  it  was  still  farther  reduced 
to  nearly  half  by  vegetable  diet,  aud  to  nearly  one- 
third  by  a  course  of  mertury/  The  apparatus  which 
Dt.  Fyfc  employed  woidd  not  allow  of  his  observing 
the  diurnal  variations ;  and  to  the  same  causa  we 
may  probably  attribute  the  large  quantity  of  carbonic 
acid  which  he  supposed  to  be  produced  in  natural 
respiration,  as  it  would  be  necessary  for  him  to  use  a 
considerable  effort  in  expelling  the  contents  of  the 
lungs;  and  we  may  suppose  that  he  might  be  induced 
to  empty  them  more  completely,  and  would  there- 
fore discharge  a  portion  of  air  in  a  more  deoxidated 
state. 

Upon  comparing  the  experiments  of  Dr.  Prout  and 
Dr,  Fyfc,  which  are  the  more  interesting,  as  they 
agree  in  their  most  important  results,  although  made 
without  consent  or  co-operation,  wc  must  remark  that 
the  causes  wliich  were  found  to  diminish  the  produc- 
tion of  carbonic  acid,  arc  some  of  them  the  very  same, 
which,  according  to  Juriue  and  Lavoisier,  produce  the 
directly  contrary  effect,  sucli  as  exercise,  and  the 
pwesB  of  digestion,  while  there  are  others,  as  in- 
OMsed  temperature,  which,  according  to  Crawford 
and  Lavoisier,  appeared  to  produce  so  powerful  an 
inllucnce  upon  the  respiration,  but  which,  from  l)r. 


but  wo  cannot,  from  this  datum  alone,  ascertain  tKe  total  amount 
x>fcarbumc  acidfoiaieil  in  2i  houn,  unless  weknew  Uie  bulk  of 
each  inspirntlon,  and  the  number  of  rc^plratjoos,  in  a  given  lime. 
*  Ann.  PliiL  V*  iv.  p,  53i.  I  take  mj  accoyot  from  Dr. 
IVout's  obstmctt  not  having  been  able  to  procure  Dr,  Vyf^*% 
work. 


^ 
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Prout's  experiments,  would  seem  to  be  totally  inef- 
fective.^ It  is  difficult  to  conceive  how  Lavoisier 
and  Seguin  could  have  been  mistaken  in  their  residts; 
and  it  is  impossible  to  impeach  the  accuracy  of  Dr. 
Proutt  so  that  we  must  consider  these  discrepancies 
as  among  those  difficulties  which  we  occasionally 
meet  with,  and  are  unable  to  explain,  but  which 
we  may  hope  wiU  be  elucidated  by  fiiture  investi* 
gations*^ 

The  researches  of  Dr,  Edwards  were  directed, 
among  other  objects,  to  the  examination  of  the 
influence  of  certain  circumstances,  both  external  and 
internal,  upon  the  respiration,  eq^ecially  as  mani- 
fested by  the  production  of  carbonic  acid,  of  which 
the  most  important  were  the  effects  of  the  different 
periods  of  life  and  of  the  seasons*  AVith  respect  to 
the  first  of  these  points,  he  remarks,  that  from  the 
apparent  activity  of  the  system  in  youth,  it  had  been 
generally  supposed,  that  all  the  functions  must  par- 
take of  this  energy,  and  that  the  respiration  would 
afford  the  additional  supply  of  air  which  would  seem 


*  Still  farther  to  increase  the  tlilficulty  of  arriving  at  any  cer- 
tain conclusion  upon  thifj  point,  we  arcintbrriKfd  by  Spnllanzani, 
llxat  his  experiments  led  liim  to  conclude  that  the  quantity  of 
oxygen  consumed  is  in  the  direct  ratio  of  the  temperature ; 
Mem*  8Ur  Eespirationf  p.  S9,  185« 

J  We  have  some  interesting  experiments  by  Nysten,  on  the 
generation  of  carbonic  acid  in  the  lungs,  as  ailected  by  different 
Mtates  of  disease;  the  general  result  is,  that,  in  obfitriictions  of  the 
lungs,  the  quantity  is  obviously  diminished^  wliile,  on  the  eon- 
trary,  it  \&  bcreosed  lu  the  state  of  acute  fever ;  Hechercheiy 
p.  187.  et  seq. 
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be  required  for  the  growth  and  development  of  the 
fjbody.  But  upon  making  the  experiment,  the  fact 
yfd^  found  to  be  otherwise.  It  appeared,  that  with 
respect  both  to  birds  and  to  iliffercnt  species  of  the 
[jnammalia,  the  consumption  of  oxygen  and  the 
[production  of  carbonic  acid  is  less  in  the  early 
[periods  of  life ;  and  it  is  probable  that  there  is  a 
[progressive  increase  in  these  operations  until  the 
[animal  arrives  at  its  mature  state/ 

In  giving  an  account  of  the  effect  of  the  different 

'  seasons  upon  the  respiration,  Dr.  Edwards  obser\'es  _ 

tliat  there  are  several  ways  in  which  the  air  may  be" 

supposed  to  have  its  physical  properties  altered,  so  as 

influence  its  action  upon  the  lungs ;  of  these  the 

lost  obvious  is  its  temperature,  and,  as  connected 

nth  this,  its  density  and  its  pressiu*e.     It  appears 

^to  be  pretty  well   established  that  tlie  increase  of 

L^mpcratme,  and  the  consequent  diminution  of  the 

iensity  of  the  air^  tend  to  diminish  its  consmnption  ; 

although  it  may  be  somewliat  doubtful  what  propor- 

Itioti  of  the  effect  is  to  be  ascribed  respectively  to 

[each  of  these  changes.     It  still,  however,  remained 

[to  be  examined  whether  tlie  variation  of  the  seasons 

produced  any  effect  upon  the  respiration,  as  a  vital 


4  DcPIntiuence  ^c.  par- 3-  c  5;  tab,  51  and  ^2,  p.  r>33»  4^ 
[This  circumstance  was  noiiced  by  Boyle;  he  placed  a  kitten,  ii 
Hoy  old,  in  hk  air-pump,  and  found  that  it  •*  contmiied  three 

times  longer  in  the  exhausted  receiver  than  other  animaU  of  ih 
Aflame  bigness  would  probably  have  done,"  Works,  \\  tiu  p.  Si 

Morozr*o  had  found,  in  his  expcrimenU,   that  young  animals] 

lived  longer  io  a  given  c]uantity  of  oxygen  tiian  adult  oniinals  ol 

the  same  specict  i  Jourji*  Fhy«.  t.  juv.  p,  103. 
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function,  independent  of  the  physical  state  of  the 
air;  and  this,  upon  making  the  experitncnt,  was 
actually  found  to  he  the  case.  He  confined  hirds  in  a 
Umitcd  quantity  of  air,  under  similar  circumstances, 
at  different  seasons  of  the  year,  when  it  was  found 
that,  in  the  winter,  tlie  lungs  possessed  a  greater 
capacity  for  decomposing  the  air  than  in  the  corre- 
sponding summer  months ;  an  effect  wliich  appeared 
to  be  brought  about  by  the  long  continued  action  of 
a  low  temperature  upon  the  constitution.^ 

There  is  a  circumstance  respecting  tlie  two  effects 
of  respiration,  which  we  have  been  contemplating,  the 
consumption  of  oxygen  and  the  production  of  carbo- 
nic acid,  which  we  must  examine  in  this  place,  whe- 
ther they  always  take  place  to  the  same  extent  and 
are  proportional  to  each  other.  As  the  question  in- 
volves many  important  theoretical  conclusions,  it  has 
been  made  a  particular  object  of  attention,  yet  there 
appears  to  be  still  some  diificulty  in  arriving  at  an 
accurate  conclusion  concerning  it.  In  most  of  the 
earlier  experiments  the  quantity  of  oxygen  consumed 
appeared  to  be  greater  than  that  of  the  carbonic  acid 
produced,^'  although  the  exact   amount  of  this  dif- 

^  De  influence  ^*c.  par.  3.  ch.  6 ;  tab.  53  and  51,  p.  635,  6. 

^  It  is  worthy  of  observations  that  this  was  the  opinion  of 
Priestley,  on  Air,  v.  iii.  p.  378,  9 ;  and  it  may  be  mentioned  as  one 
among  many  instances,  where,  although  the  nature  of  the  ap- 
paratus which  he  employed,  and  the  mode  in  which  many  of 
his  experiments  were  performed »  seemed  but  little  calculated 
to  obtain  very  correct  resulta,  yet  the  number  of  his  experi* 
nients,  and  the  ingenuity  which  he  displayed  in  varying  Ihem, 
and  comparing  'them  with  each  other,  bad  the  eftcct  of  more 


Proportion  of  the  Orifgrn  comumed 


ferencc  Taried  considerably  in  the  different  experi*I| 
meBts,  Lavoisier  and  Seguin  supposed  the  oxygen: 
consumed  in  24  hours  to  be  1566l'66  gra.,  while  the- 
oxygen  necessary  for  the  formation  of  the  earbonic 
acid  produced  was  no  more  than  12924  grs.,  orin*] 
the  proportion  of  about  100  to  81*5*  These  numbers 
coincide  almost  exactly  with  what  may  be  deduced 
from  Sir  H.  Davy's  experiments,  the  oxygen  consumed 

than  supplying  the  deficiency.  In  Lavoisier's  earlier  expert* 
Bents  he  does  not  appear  to  have  noticed  this  disproportioa 
etween  ihe  quantity  of  oxygen  consumed  and  of  carbonic  add 
produced ;  but  he  afterwards  observed  it >  and  ascertained  ita 
exact  amount  to  be  in  the  proportion  of  229  5  to  5'^'73,  or 
nearly  -i*  This  surplus  quantity  of  oxygen  he  supposed  to 
unite  with  hydrogen  abstracted  from  the  blood,  and  to  form 
water ;  Metn.  Soc.  Roy.  Med.  pour  1782,  S»  p*  574*  There 
p  ta  have  been  some  confusion  in  the  references  that  have 
made  to  ilte  papers  of  Lavoit»ier  on  Respiration^  in  conse^ 
quence  of  the  want  of  correspondence  between  the  time  whea 
the  papers  were  read,  when  they  were  actually  published,  and 
the  year  inserted  in  the  title  of  the  volume  as  already  men- 
tioned* p.  1 22*  Lavoisier  and  La  Place  published  a  joint  essay 
on  H(^t>  one  section  of  which  is  on  Respiration  and  Animal 
Temperaturi!,  in  the  Mem,  of  the  Academy  of  Sciences  for  the 
year  1780;  the  essay  was,  however,  not  read  until  June  nb3» 
and  the  volume  not  printed  until  HSI-.  The  paper  of  Lavoisier^s 
referred  to  abovo,  entitled,  **  Sur  les  alterations  qui  arrlvent  ^ 
lair  dans  plusiours  circonstances  oU  »e  trouvent  lei  bomrnes 
rcuniA  en  societc/*  was  publislied  in  the  Mem.  of  the  Royil  M#4 
dical  Society  for  1782  and  3:  it  was  iK»t  read  until  February. 
i'iSS^  nor  printed  until  1787*  This  2d  paj^er  appears  to  be  re* 
ferred  to  by  some  writers  at  the  memoir  of  178S»  wtiile  oilieim 
apoak  of  the  furtuer  under  that  deaignation,  the  one  adhcrin|^ 
to  the  nominal  date  of  the  voluniei  the  otiier  to  the  actual  umo 
whea  i|  w^  re^d* 


ag  15337  gTr3,3  while  the  carbonic  acid  prcHluccd 
"was  178X1*36  grs,,  which  would  contain  12824*18  grs. 
of  oxygen,  ^ving  a  proportion  of  100  to  81-66. 

But  although  these  experiments  appear  to  prove  so 
decisively  that  there  is  a  suiplus  quantity  of  oxygen 
consumed,  more  than  is  required  for  the  production 
of  the  carbonic  acid,  and  altho\igh  they  agree  m 
nearly  in  the  amount  of  this  surplus,  yet  the  con- 
clu2$ion  which  we  might  have  been  induced  to  draw 
from  them  appeared  to  be  shaken,  if  not  oa  erthrown^ 
by  the  experiments  of  Messrs,  Allen  and  Pepys, 
whose  researches^  conducted  as  they  were  with  such 
ndnute  accuracy,  were  equally  convincing  in  showing, 
that  the  oxygen  which  disappears  is  exactly  replaced 
by  an  equal  volume  of  carbonic  acid,  and  that  there- 
fore the  whole  of  it  must  have  been  employed  in  the 
formation  of  this  acid.^ 

7  Phil  Trans,  far  1808.  p.  279.  In  ihc  experinienU  of  Dr* 
Prout  it  Is  always  taken  for  granted  that  the  oxygen  consumed 
h  exactly  replaced  by  an  equal  volume  of  carbonic  acid;  Aon. 
Phil.  v.Ji.  p*  330.  et  alibi.  The  satne  conclusion  is  also  fonned 
by  Mr.  Ellie,  after  a  very  full  and  candid  examination  of  all 
tbat  bad  been  done  on  this  subject  by  preceding  physiologists ; 
Inquiry,  p*  1 16*  et  seq.  Dr.  Hetiry  also  regards  the  experiments 
of  Messrs.  Allen  and  Pepys  Bufficiently  decisive  to  prove  that 
the  amount  of  oxygen  consumed  exactly  coincides  with  the 
carbonic  acid  produced  ;  Elements,  v.  ii.  p,  403.  M.  Magendie 
represses  himself  very  decisively  upon  the  subject ;  "  Quant  au 
volume  de  Foxy  gene  en  dtjicit^  compare  au  voUme  de  racide 
earbonique  expir^,  je  dois  dire  que  toutcs  nos  experiences,  sans 
tfrt  exccpter  aucune,  sunt  enticremcnt  d 'accord  avec  celles  des 
cliiraistes Anglais:  nous  nvons  const ammcnt  vuToxygcne  disparu 
pendant  I'acte  rcspiratoire  rcpresentc  exactement  par  I'acide  ear- 
bonique de  I'air  expire  i^*  Sui'  la  Tratif*  Pubn.  p.  9. 


Ejcperiments  of  Di\  Edicards, 

The  state  of  uncertainty  in  which  we  were  thiU 
leftj  the  jotlgment  being,  as  it  were,  ahnost  equally  j 
poised  between  such  high  authorities,  has  been  mosbj 
happily  removed  by  Dr,  Edwards,  who  investigated  | 
this  point,  among  others  to  wliich  he  directed  his|j 
attention ;  and  has  shown  by  a  train  of  remarkably 
well  devised  experiments,  .tliat  the  discordancies  didi 
not  depend   so  much   ujion  the  inaccuracy  of  the 
operator,  as  upon  an  essential  difference  in  the  results. 
He  begins  by  remarking  that  experimeuts  of  this  , 
kind  are  better  perfomied  on  small  animals,  which 
can  be  immersed  in  a  large  quantity  of  air^  than  on 
man,  where  the  air  must  be  renewed  at  each  respira- 
tion.^    When  experiments  were  conducted  in  this 
manner-  upon    various     warm-blooded,    vertebratcd. 
animals,  which,  with  respect  to  their  respiration,  pos- 
sess a  close  analog^  with  man,  it  has  been  found  that 
there  is  generally  a  diminution  of  the  bulk^f  the 
air,  but  tliat  the  quantity  of  the  dirtiinntion  vaiied^ 
much  in  the  different  experiments,  and  that  qh  somc^ 
occasions  it  did  nAt  exist- 
As  it  is  ascertained  that  when  oxygen  is  converted 
into  carbonic  acid,  the  bulk  of  the  gas  is  not  chaugecL  ^J 
the  diminution  in  these  cases  \H  presumed  tfi  depend -^1 
upon  the  absoqition  of  oxygen,  or  to  the  quantity  of 
it  which  is  consumed  being  greater  than  what  U 
necessary  for  the  production  of  the  carbonic  acid.    In 
three  experiments  upon  yrffuig  dogs,  the  whole  quan<. 
tity  of  air  employed  was  91 '5  42  cubic  in«hes;  the 
process  was  carried  on  over  rfcrcury,  and  lasted  foi; 

**  Dc  rinHacnce  dc«  note  to  p.  408* 
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fire  hours :  the  average  results  were  tbat  the  gas  was 
diminished  by  5' 675  cubic  inches^  or  about  -^V  of  its 
volume^  and  that  10*9  cubic  inches  of  carbonic  acicj 
were  produced.^  Here,  therefore,  the  total  quantity 
of  oxygen  consumed  is  16-575,  in  proportion  to  that 
employed  in  the  formation  of  the  carbonic  acid  as 
16'573  is  to  109,  or  as  100  to  60*66.  In  another 
series  of  10  experiments,  in  which  yellow-hammers 
were  employed,  and  remained  each  of  them  for  15 
minutes  in  100-6  cubic  inches  of  air,  the  total  con- 
fiumption  of  oxygen  was  upon  the  average  4-4:^7 
iuches,  while  the  carbonic  acid  produced  was  3*65, 
or  in  the  proportion  of  100  to  82'26/  Dr.  Edwards's 
general  conclusion  is,  that  the  proportion  of  oxygen 
consumed  to  that  employed  in  the  production  of 
carbonic  acid,  varies  from  more  than  one-third  of  the 
volume  of  carbonic  acid  to  almost  nothing  ;  that  the 
variation  depends  upon  the  species  of  the  animal 
employed,  upon  its  age,  or  some  peculiarity  in  its 
constitution,  and  also  that  it  varies  considerably  in 
the  same  individual  at  different  times.^  The  general 
fact,  therefore,  of  the  surplus  quantity  of  oxygen,  in 
a  great  majority  of  cases,  is  abundantly  proved,  while 
we  may  fairly  conclude  that  the  source  of  error  in 
the  experiments  of  Messrs.  Allen  and  Pepys, 
depended  upon  the  difHcnlty  of  bringing  the  lungs 
into  the  same  state  of  distention  at  the  beginning 
and  the  end  of  the  dxpetiment,  and  upon  the  residts 

9  De  rinfiuence  &c.  p.  4'I0.  et  seq.  '  Ibid,  p*  415. 

»  Ibid.  p.  418. 
vol..  II.  *       II 


C&nclmioji, 

being  complicated  by  the  gas  originally  contained  10 
the  lungs;^ 


I  Mr*  £Ilifl»  in  iiU  **  Farther  Inquiries,"  hm  offered  many 
valuable  observations  on  the  mecbanical  part  of  Messrs.  Allen 
and  Fepys^s  experiments,  p.  280.  et  seq. 

Nysten  and  Spallanzani,  from  their  eKperimentSi  the  former 
on  the  human  subject^  Recherchea,  p.  21  i,  the  latter  on  various 
^pecien  or  the  njollu^cai  Meinoires,  p.  &i»  et  aiibi,  co^o  to 
ilie  same  conclusion,  respecting  the  want  of  correspondenof 
between  the  oxygen  and  carbonic  acid.  Legallots  also  found 
this  to  be  the  catie  in  hSs  experiments,  and  although  they  were 
performed  under  particular  circumstances,  and  for  a  specific 
i»bject,  yet  they  are  generally  applicable  so  far  as  this  questioo 
is  concerned;  Ann.  de  Chim.  et  Physique,  t.  iv#  p«  115*  Dr. 
Thomson,  Chem»  vol.  iv*  p.  619,  and  Mr.  Dalton,  Mancli.  Meni. 
vol.  it.  2d  ser.  p,  25,  likewise  obtained  a  surplus  quantity  of 
oxygen,  although,  from  certain  considerations,  they  were  induced 
to  ascribe  this  dlfterence  to  incidental  circumstances,  not  cisoi* 
tially  connected  with  respiration  ;  see  Dalton,  p.  3G. 

The  specific  gravity  of  the  serum  of  arteriaJ  bipod  has  been 
generally  lound  to  be  less  than  tliat  of  venous  ;  in  llie  ei^peri* 
raent^  of  Dr,  Davy,  the  proportion  was  as  lCM-7  to  105O;  PhiL 
Trails,  for  I8Mr,  p*591>  It  has  been  supposed  that,  as  during  the 
change  from  the  venous  le  the  arterial  state,  there  is  an 
Absorption  of  oxygen  and  a  discharge  of  carbonic  aeid,  a  point 
which  will  b^  more  fully  investigated  hereafter ;  we  might  con? 
dude  from  this  change  of  the  specific  gravity,  that  the  quantity 
of  gaseous  matter  absorbed  is  greater  than  that  discharged. 
This  observation  proceeds  upon  the  idea,  which  is  probably 
correct,  that  the  water  which  is  discharged  from  the  lungs  does 
|iot  immedjately  proceed  from  the  blood  ia  tlie  pulmonary 
veasela,  but  that  il  Is  the  rasult  of  secretion.  But  it  also  takes 
for  granted,  that  the  blood  loses  nothing  by  serous  transudation; 
for  if  we  conceive  that  this  process  takes  place  as  the  blood 
pastes  through  the  lungs,  it  accounts  for  tlie  difFereiice  in  ilic 
specific  gravity  of  the  two  kinds  of  serum.     U  nay  b$  fartlicr 


J 


Is  ike  Air  diniinished  by  HespimtionJ  if 

The  third  point  which  I  proposed  to  examine, 
whether  the  bulk  of  the  air  be  diminished  by  respira- 
tion, is  essentially  connected  with  the  question  which 
has  been  discuaBed  above,  and  indeed  almost  resolyos 
itself  into  the  same  inquiry.  All  the  earlier  physio- 
lagists  supposed  the  diminution  to  take  place,  and 
they  accounted  for  it  upon  the  idea,  that  tlae  air  had 
lost  part  of  its  elasticity,  or,  as  they  termed  it,  ita 
spring/  Mayow  appears  to  have  been  the  first  wha 
attempted  to  ascertain  the  exact  amount  of  the 
diminution ;  he  estimated  it  at  Vr*^  while  Hales,  in 
different  experiments,  found  it  to  vary  from  -^V  ta 
■^f'  But  all  these  statements  arc  much  over-rated ; 
a  circumstance  that  depends,  in  part  at  least,  upon 
the  air  of  expiration  being  passed  through,  and  con- 
fined over  water,  which  would  necessarily  absorb  a 
pai't  of  the  carbonic  acid.^  Lavoisier,  Goodwyn,  and 
3ir  H*  Davy,  however,  in  their  more  correct  experi- 
ments, although  they  found  the  diminution  to  be 
much  less,  did  not  fail  to  recognize  it.     Lavoisier,  in 

remarked  upon  this  lubject,  that  the  Bpeclfic  gravity  of  the 
serum  of  different  individuals  differs  at  least  as  much  as  the 
dii&rence  indicated  by  Br.  Davy,  between  the  arterial  and 
venous  blood ;  See  Med.  Chir  Tr.  v.  ii.  170,  363, 

^  J^oyle  infonns  us,  tliat  in  one  experiment,  in  which  a  mouse 
wai  cofifinad  in  a  portion  of  air  over  mercury,  the  volume  of  the 
air  was  not  diniinished ;  Works,  v.  iii.  p.  380. 

i  Tfact.  p.  105.  ^  Stat*  Essays,  v,  ii.  p.  SS8,  320. 

7  Crawford  found  that  when  the  air  was  confined  over 
W^ter,  4lh  Of  the  whole  was  absorbed  i  on  Aninial  Heat, 
|i.  146. 

H  2 
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f'j^ff^  h  the  Air  diminished  by  Respiration? 

his  Memoir  of  1777,  fixes  the  amount  at  -^^  Gochj- 
wyn  obtained  the  same  resiiit,^  Sir  H*  Davy  found 
that  air,  which  had  once  passed  through  the  lungs,  as 
is  the  case  in  ordinar)^  respiration,  snflered  a  diminu- 
tion which  varied,  in  liis  different  experiments,  from 
j^  to  y-^ ;  *  BerthoUet  always  found  a  diminution, 
although  somewhat  less  in  quantity/^  and  tlie  same 
refiult  was  obtained  by  Jurine^  aud  by  Spallanzani.^  It 
niight  be  supposed  that  these  results  afforded  sufficient 
proof  of  the  general  fact  of  the  diminution  of  the 
air  by  respiration,  yet  we  have  here,  as  on  the  former 
iKJcasion^  a  great   diversity   of  opinion,      Crawford 

■  In  Ike  expenmeots  where  tbe  guloea-pig  was  confined  in 
oxygen^  the  dimiDution  wiiSi  in  ooe  case,  ^Vt  &nd  In  the  other 
^\-  of  the  rolume  of  the  air,  tJic  greater  diminutiou  In  these  ex- 
periments probably  depending  upon  the  increased  consumption 
of  oxygen,  in  consequence  of  the  greater  purity  of  the  air 
'  employed;  Mem*  Acad.  Scien.  pouTl?80.  p.  4^! ;  Ann.  Chim. 
i,  r*  p.  i!61  ;  Mem.  See,  Roy-  MM.  pour  1782,  3.  p.  572.  ' 

U%  Connexion  of  Life  &c,  p.  51. 

•  Researches,  p.  431 . .  3. 

•  Mem.  Soc.  d'Accueil^  t,  ii.  p.  454.  .463- 
1  Mem-  Soc.  Roy,  Med.  t.  x.  p,  25. 

•  Mem.  sur  la  Rcspir.  p,  102.    Cufier  also  stales  ilie  &cC  of 

the  diminution  of  the  voTume  of  air,  and  fixes  it  at  tV  ;  <t  d6es 

not,  however,  appear,  that  he  himself  performed  any  etperi« 

menta  on  this  stibject ;  Lemons  crAnatomie  €onip«  t.  if.  p^  SOS* 

Dr.  Thomson  also  foimd  a  diminution  in  the  volume  of  the  air, 

but  it  varied  so  much  in  his  diffcnfut  experiments,  that  he  was 

dispoaed  to  ascribe  it  to  smne  accidental  cause ;  Chem.  v.  it, 

p,  617.    Dr.  Henry  also  agrees  in  tlie  general  fkct ;  Elemcntip 

vol.  i.  p.  S93* 
•  111 


1$  ihe  Air  diminished  b^  Respirution? 
c*^05sly  states  that  he  could  not  obsene  any  dimi. 


nation  of  the  volume  of  the  air,  when  the  process 
was  conducted  over  mercury;  ^  it  is  not  adverted  to  by 
Lavoisier  and  Seguin  in  theii  conjoined  experiments, 
while  Messrs,  Alien  and  Pepys,  in  their  elaborate 
researches,  although  they  generally  found  a  slight 
diininntion,  attributed  it  to  some  accidental  circum- 
stance connected  with  the  management  of  the  appa- 
ratus, or  the  nature  of  the  process,  and  concluded 
that  the  bulk  of  the  air  is  not  essentially  affected  by 
respiration.^  But  the  experiments  of  Dr.  Edwards  again 
most  fortunately  relieve  our  embarrassment,  by  show- 
ing us  that  the  diminution  really  takes  place  in  a  great 
majority  of  cases,  although,  in  such  various  degrees, 
that  we  are  not  able  to  reduce  it  to  any  fixed  amounts 

s  On  Animal  Heati  p-  147. 

*  The  arerage  diminution  of  the  ten  first  experiments,  p.  ^53, 
it  not  -ro-r;  in  the  eleveath  experiment,  which  they  appear  to 
regard  as  the  naost  correct^  it  is  about  t4-^  p-  ^^ ;  hut  they 
state  that  the  general  average  of  all  their  experiments  15  about 
6  parts  in  1000,  p.  281,  or  -n^r-  It  maybe  presumed,  from 
various  expressionB  in  Dr,  Prout*s  papers,  that  he  did  not  sup* 
pa$e  there  was  any  diminatlon  of  the  volume  of  the  air ;  Ann. 
Phil.  vol.  lu  p.  3 SO.  et  alibi,  Mr.  Eliis  likewise  concludes  that 
the  volume  of  the  air  is  not  diminished,  Inquiry,  p.  99, 0 ;  and 
M.  Magendie's  experiments  led  him  to  the  same  opinion ;  Mem, 
Mir  la  Transp.  Pulm.  p.  7.  -  9*  Mr.  Abernethy^  on  the  contrary, 
»uppofte&  that  the  volume  of  the  air  Is  increased  ;  Essays,  p.  H7. 

^  De  rin^uence  Sec.  p.  41 1.  et  alibi ;  it  follows  from  the  view 
which  Dr,  Edwards  takes  of  the  action  of  the  lungs,  that  occa- 
sionally the  butk  of  the  air  may  be  increased  by  respiration,  that 
at  other  times  the  hulk  may  be  unaSected,  but  that  in  a  majority 
of  casei  it  will  be  dimlmshed. 


108  lit  hi  Nitrogen  afftttid  by  Riqii  ration  ? 


The  fourth  point  that  wc  proposed  to  examine 
respects  the  aksorptioii  of  nitrogeti,  and  on  this  we 
Bhall  find  as  mucli  diversity  of  opinion  as  on  those 
that  huve  akeady  passed  nnder  our  review,  Lavoi- 
mm'9  experiinents  led  him  to  conclude  that  tlie 
nltifOgen  is  eutirely  passive  in  respiration,  or  that  it 
»eTvm  n<y  other  purpose  than  to  dilute  the  oxygen  ;* 
and  Jfessrs.  Allen  and  Pepys  deduced  the  same  con- 
clusion from  their  experiments.'^  Priestley,  on  the 
fdbtraryt  eupposetl  that  there  was  an  absorption  of 
nitrogen  ;'  but  his  experiments  being  porfonncd  in  an 
early  stage  of  the  pneumatic  chemistry,  and  with  a 
less  perfect  apparatus,  notwithstanding  the  confidence 
with  which  he  maintained  his  opinion,  the  result  was 

*  Mem.  Acad*  Scien*  pour  1777*  p*  193 ;  and  he  Btill  con- 
tinued to  support  tills  opinion  in  his  later  essays  ;  se«t  Mem* 
pour  1789,  p,  574*  wlkuie  he*  bayi*  that  ho  ha»  proved  tliis  by  very 
deci&ivo  experlmenta. 

9  PhiL  Trans,  for  1808,  p.  264,  et  alibi ;  and  Phil.  TraiM.  fur 
1800*  p>  412,  ,^.  Messrs*  Allen  and  I^epys  conceive  that  in 
natural  rotpiratlon  the  nitrogen  is  not  aiVeaedj  but  tliut  when 
ilM3  fame  partiou  o(  air  i«  JTrequentiy  r^piredi  a  c|u&nLity  of 
nitrogen  is  diischsirged  ;  Phil.  Trains,  for  180S.  p>  263.  Tli«!  sauip 
e!^l  Waal  ultto  pruduced  by  the  respiration  of  pure  oxygen, 
Plul.  Trail*,  for  lti09.  p.  40*,  4 15.. 42 J t  427-  They  remark, 
wUh  jufiticOf  that  un  apparent  incroafc  hi  the  portion  of 
nUrogan  may  depend  upon  the  quantity  of  it  which  exitits  in  tiic 
)uDg«  before  tlie  experiment ;  tltey  proved,  however,  by  causing 
an  animal  to  rr»ptre  a  niiiLture  of  oxygen  and  hydrogen,  that,  in 
cortaio  cai(i&  at  leui»t,  nitrogen  is  actually  evolved,  p.  42U«. 
427-  Cuvter,  Tub).  iJcm.  p.  iti,  iupposen  that  the  nitrogen  ii 
ikot  affected  by  respiration. 

*  On  Air,  v.  iii.  p»  380, 


ExperimetUs  of  Hittderson  and  Pfcff* 

generally  attributed  to  eome  accidental  occmTence. 
Priestley's  conclusion  has,  however,  been  powerfully 
CQniirmed  by  subsequent  experiments ;  Sir  H.  Davy 
conceived  it  to  be  the  case  in  his  experiments,  and  he 
estimated  that  5*2  cubic  inches  of  nitrogen  were 
absorbed  per  minute,^  or  about  7488  inches  in  the 
24  hours,  a  quantity  equivalent  to  2240  grains. 
The  absorption  of  a  portion  of  nitrogen  is  maintained 
by  Cuvier/  and  has  been  proved  by  the  researches  of 
I>r.  Henderson/  and  Prof  Pfaff,'*  each  of  whom  in- 
stituted a  scries  of  well  conducted  experiments,  which 
nearly  coincided  in  their  results.  They  both  of 
them  indicated  a  deficiency  of  nitrogen  in  the  air  of 
expiration,  although  they  differed  somewhat  in  the 
amount ;  Dr.  Henderson  supposing  it  to  be  less,  and 
Prof.  PfaflP  more,  than  the  estimate  of  Sir  H.  Davy. 
There  are  indeed  certain  points  in  which  these  expe- 
riments would  appear  not  to  be  altogetlier  unexcep- 
tionable, but  they  fully  warrant  the  conclusion  which 
the  authors  deduce  from  them  with  respect  to  the 
question  now  under  consideration.  It  may  be  ob- 
served also  that  they  both  of  them  agree  in  supposing 
that  the  total  bulk  of  the  air  is  dimiuished  by  respir- 
itioti.^  To  add  to  the  apparent  confusion  of  opinion 
cm  this  sub|e€t,  Jiuine  was  induced  to  conclude,  from 
the  result  of  his  experiments,  that  nitrogen  is  gene- 

^  Reaearches,  p»  431. 

3  Lecons  d*Anat.  Comp.  L  iv.  p*  SOS. 

♦  Nicholfton'8  Journ.  v.  vil  p,  40.  .5- 
s  Ibid.  V.  xii,  p.  249.  et  seq. 

*  Ibid-  V.  vii,  p.  45,  4;  and  v.  xii.  p.  251,  2, 
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rated  by  respiration ;  ^  and  the  same  result  was 
obtained  by  BerthoUet;^  and  Nysten*^  The  experi- 
ineuts  of  BerthoUet  and  Nysten  seem  to  warrant  the 
conclusion  that  is  drawn  from  them;  but  witli  respect 
to  those  of  Juriue,  it  may  be  doubted  whether  they 
are  equally  conclusive,  as  the  nitrogen  which  he 
supposed  to  be  generated  may,  with  more  proba- 
bility, be  referred  to  a  portion  of  the  residual  aii*  of 
the  lungs  mixed  with  the  air  of  expiration. 

The  experiments  wliich  have  been  referred  to 
above  were  performed  either  on  man  or  on  some  of 
the  warm-blootltd  vertebra  ted  animals,  whose  respi- 
ration may  be  conceived  to  produce  similar  changes 
on  the  air.  But  we  are  in  possession  of  many  ^  ery 
curious  facts  respecting  tlie  respiration  of  the  cold- 
blooded animals,  which  are  not  to  be  disregarded  in 
forming  our  judgment  upon  this  subject,  t^]>alkn- 
zani*«  researches  on  the  respiration  of  the  cold- 
blooded quadrupeds  appear  to  show  very  clearly  that 
they  absorb  nitrogen  in  respiration  ;  *  and  the  experi- 
ments of  liumlioldt  and  rroven9aI,  on  Hshes,  place 
the  fact  beyond  all  doubt,  so  far  as  tliese  animals  arc 
coucomed.  The  quantity  of  nitrogen  varied  very 
considerably  in  tlie  difierent  experiments,  from  20  to 
ai«  much  as  89  per  cent.,  while  the  relation  whicli  it 
bore  to  the  carbonic  acid  produced  was  also  variable, 

7  Encyc  Meth.  <*  Medecine,"  t,  i.  p.  i^S^T. 

»  Mem,  d'Arcm^tl,  t  a.  p.  ^54-, ,  Af^%  

9  Retherches,  p*    186,  215 ;  from  p.  18"   to  p.  200  k  an 
account  of  hi3  experiments. 

»  Menj.  eur  la  Rcspir.  p.  18^1,  258. 
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although,  for  the  most  part,  an  increase  in  the  one 
was  attended  with  an  increase  in  the  other/^ 

The  researches  of  Dr,  Edwards  on  this  point  have 
been  no  less  successfnl  than  on  the  other  objects  to 
which  he  directed  his  attention.  By  immersing 
small  animals  in  a  large  quantity  of  air,  for  a  limited 
period,  and  calculating  what  effect  the  air  contained 
ill  their  lungs  before  and  after  the  experiment  would 
have  upon  the  whole  mass  on  which  he  operatetl; 
he  found,  that  in  many  instances,  there  was  an 
evident  increase  in  the  quantity  of  nitrogen,  while 
in  others  there  was  a  deticiency  of  it.  lie  observed 
that  the  former  change  took  place  when  the  experi- 
ments were  performed  in  spring  or  summer,  or  when 
young  animals  were  employed,  while  the  latter 
occurrc*d  during  the  winter.  Hence  w^e  have  the  im- 
}iortant  fact  established,  that  nitrogen  is,  according 
to  circumstances,  cither  exhaled  or  absorbed  in  respi- 
ration ;  the  probability  is,  that  in  all  cases,  both 
these  operations  are  going  forwards,  that  they  are 
often  exactly  balanced,  so  as  to  show  neither  excess 
nor  deficiency  of  nitrogen  in  the  expired  air,  wliilc 
in  other  cases,  depending,  as  it  would  appear,  priu* 
cipally  upon  temperature,  or  upon   tlie  age  of  the 

»  Mem*  d'Arcueil,  L  ii*  p.  359.  et  seq, ;  p,  378  consists  of  a 

tabular  view  of  the  rtisulu  of  the  experiments.     I  sliall  refer  my 

I      reader  lo  Mr.   Ellis's  judicious  observations  on  them  experi- 

f      mentt,  which  uuy  lead  us  to  doubt  whether  we  can  impheitly 

rely  upon  the  exact  quantity  of  effect  produced ;  they  do  not» 

£  appear  to  nie,  hi  any  degree,  to  invalidate  the  general 
j;  Fartlxcr  Inf[uiritiij,  p.  26h  et  sccj. 
_ 
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animal,  either  the  abfiorption  or  the  exhalation  is  in 
excess,  producing  a  corresponding  effect  npon  the 
composition  of  the  expired  air*^  '      ■ 

It  now  remains  for  me  to  offer  some  remarks  upon 
the  aqueous  vapour  which  is  contained  in  the  air  of 
expiration.  The  discharge  of  water  from  the  lungs 
was  a  circumstance  which  must  have  been  noticed  by 
the  most  cursory  observers,  and  we  shall  accordingly 
find  that  'it  was  much  insisted  npon  by  the  earlier 
physiologists,  who  indeed  regarded  it  as  one  of  the 
principal  uses  of  the  function  of  respiration.  Sane- 
tonus  appears  to  have  been  among  the  first  who 
attempted  to  estimate  the  amount  of  the  pulmonary 
exhalation  with  any  degree  of  accuracy  ;  he  supposed 
H  to  be  half  a  pound  in  the  34  hours;  but 
neither  the  mmle  in  which  he  conducted  his  expe- 
riments, nor  the  reasoning  which  he  employed  re- 
specting them,  were  calculated  to  produce  any  cor- 
rect conclusion/  Hales  adopted  the  method  of  pass- 
ing the  air  that  was  emitted  from  the  lungs  through 
a  flask  filled  with  wood-ashes*  and  by  observing  what 
addition  of  weight  it  liad  acquired,  he  ascribed  this 
to  the  moisture  which  the  potash  contained  in  tlie 
mhos  had  imbibed ;  this  he  estimatcft  at  9792  grs., 
or  about  20  oz.  in  the  24  hours. '     Menzies  received 

>  De  I  rnflucnce  Stc.  p.  4-20,  et  fteq. ;  Tab.  62. .  <W. 

*  Mcdicina  Siatica,  by  Quincy,  Aplior.  v.  p.  45. 

5  Statical  Eiisays,  v.  ii.  p.  522. .  i.  I  may  observe  lliat  Halter 
hafl  (Icvlaleil  tfom  blsuiual  accuracy  In  speaking  of  the  e«l!matee 
that  Itavc  been  formed  oa  this  subject.  Home  states,  not  quite 
correctly,  that  Haloft  oblainccl  23  oz.  of  water  in  21-  hour* ; 


Water  iuppt^id  ia  bt  geniratid  in  iht  LuNgi, 

th&  air  of  expiration  in  an  allalitoidp  and  by  weighing 
it  before  and  after  the  experiment,  ascertained  what 
additional  weight  it  had  acquired ;  in  thig  way  he 
calculated^  that  the  quantity  of  water  discharged  in 
24  hours  is  equal  to  2880  grs.  or  about  6  oz.^  Mr. 
Aberaethy  breathed  into  a  glass  vessel,  adapted  for 
tlie  purpose,  and  collected  180  grs,  in  an  hour,  wliich 
will  give  us  4320  grs.  or  9  02.  in  24  hours ;  but  he 
supposes  that  the  fluid  contains  a  quantity  of  mucus 
dissolved  in  it,  the  proportion  of  which  he  did  not 
ascertaiDi  but  which  must  be  dcductal  from  the 
total  amount.^ 

The  difficulty  which  there  is  in  actually  collecting 
the  water  exhaled  from  the  lungs  may  probably  have 
induced  Lavoisier,  in  Iiis  later  and  more  elaborate 
experiments,  to  endeavour  to  ascertain  the  quantity 
by  an  indirect  method.  He  first  detennined  the 
quantity  of  oxygen  consumed,  and  of  carbonic  acid 
produced ;  and  as  he  always  supposed  that  the 
oxygen  which  had  cHsapiHiared  was  more  than  suffi- 
cient to  form  the  carbonic  acid  which  he  obtained, 
he  conceived  that  the  excess  of  oxygen  wa5  em- 
ployed in  uniting  with  hydrogen  that  was  given  ofl' 
by  the  lungs,    and   thus  generating   water,'*     The 

Med.  Facti,  p*  238 ;  and  Halleri  in  rektioii  to  Home's  eUiiaate, 
vaySy  **  ad  uodas  23  lestimat  CI-  Home/'  and  refers  to  the 
above  passage  ui  Home's  work  j  EL  Phys.  viii.  5.  iO. 

**  Disaertation,  p.  5i.  ^  Essayst  p*  141. 

"  I  have  already  stated  that  Lavoisier,  in  his  £rst  memoir, 
does  not  advert  to  the  aqueous  vapour  which  is  exhaled  irom 
the  lungs;  it  is  in  the  in  em  01  r  00  tlie  rcRpiralion  of  the  guinea- 
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quantity  of  oxygen  being  known,  that  of  the  water 
was  easily  calculated,  but  tbe  estimates  of  the 
aqueous  vapour,  whicJi  Lavoisier  fanned  in  liis  dif- 
ferent sets  of  experiments,   differ  very  nfiuch  from 

fng  in  oxygeni  that  he  lirst  advances  the  hypothesis  stated  in 
the  text.  He  notices  the  excess  of  oxygen  above  what  is  neces- 
sary to  form  the  ctrbonic  acid,  and  remarkg,  that  it  musieithef 
have  bceo  absorbed  by  the  blood,  or  have  combined  witli  hydro* 
gen  discharged  from  tlie  lungg,  and  have  produced  water ;  the 
latter  fiuppoaition  he  conceives  to  be  the  most  probable  ;  Mem* 
Soc.  Roy.  Med.  pour  1782,  3.  p.  574 ;  Ann.  Chim.  t*  v.  p.  264, 5. 
He  does  not  very  clearly  state  the  grounds  of  this  preference, 
but  it  may  be  inferred  that  it  depended  upon  liis  conceiving  that 
more  caloric  was  given  otf  by  the  formation  of  the  carbonic  ackl 
ill  the  lungs,  than  by  the  formation  of  the  same  quantity  of  car- 
bonic acid  by  the  combustion  of  charcoal ;  and  this  excess  of 
caloric  lie  imagined  might  be  accounted  for  by  the  union  of  the 
excess  of  oxygen  with  a  quantity  of  hydrogen ;  See  Mem,  Acad* 
pour  178y.  p*  569*  I  may  remark  that  Crawford  had  previously 
Stated^  as  the  result  of  his  e?tperlments,  that  water,  as  well  ai 
carbonic  acid,  is  generated  by  respiration  ;  On  Animal  Heat, 
p.  154»  347,  ^.  In  the  memoir  for  1789,  Lavoisier  refers  la 
tlie  memoir  of  1780,  Written  in  conjunction  with  La  Place,  ft>r 
a  proof  of  the  fact  here  stated,  respecting  the  excess  of  caloric  i 
hut  upon  examining  the  latter  paper  it  appears  to  me  to  warnuit 
the  contrary  concluiiiou  ;  8ee  p.  405  and  407-  See  the  remarks 
of  Magendie,  in  his  Mem.  sur  la  Transpiration  Fulmonairei 
p.  4-  Ju  This  pbysiplof^ist  gives  a  curious  case  of  an  individual 
who  had  an  opening  in  the  upper  part  of  the  trachea,  and  it 
nppeared  that  when  he  hreathed  through  this  aperture,  learoely 
any  vapour  wa^  mixed  with  the  expired  air ;  he  also  relvM 
some  experiments  on  auinials,  which  lead  to  the  concloatoi^ 
Ibat  at  least  a  large  portion  of  the  expired  vapour  proceeds 
from  the  membrane  lining  the  mouth  and  fauces ;  Ibtd*  p* 
13.  ,5^ 
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each  other.  In  the  memoir  of  1789  the  water  is 
stated  to  be  337'18  grs.,  while  the  carbonic  acid  is 
17720^89  grs-  or  nearly  as  19  to  1000;  in  the 
memoir  of  1790  the  quantity  of  water  was  increased 
to  11 188*57  grs,  while  the  carboiiic  add  was  reduced 
to  8451*24  grs.,  or  as  132,^  to  1000;  and  in  the 
posthumous  experimeuts  the  water  is  stated  to  be 
1S704  grs,,  the  carbonic  acid  being  75504  gr$,,  or 
ntmly  as*  1815  to  1000,  From  these  discordant 
estimates  it  is  impossible  to  draw  any  conclnsion, 
except  that  the  method  itself  is  one  which  cannot 
a^ord  us  any  accurate  results. 
ir:Nor, .  independent  of  this  circumstance,  does  it 
appear  to  be  one  on  which  we  ought  to  rely  \Tith  any 
degree  of  confidence*  The  position  on  which  the 
whole  reasoning  rest*,  the  exhalation  of  hydrogen 
from  the  lungs,  has  never  been  attempted  to  be 
dirtectly  proved;  it  does  not  appear  to  bear  any 
analogy  to  the  other  operations  of  the  animal  oeco- 
nditi^,  nor  is  there  any  fact  with  w^hich  I  am  ac- 
quainted that  seems  to  countenance  it,  while  it  is 
iiQI^aiiible  not  to  ix;rceive  that  there  is  a  much  more 
direct  and  probable  source  of  the  aqueous  vapour*  in 
the  evaporation  of  water  from  the  surface  of  the  pul- 
monary passages,  or  even  in  transudation  through  the 
membranes  investing  these  parts;  but  I  shall  have 
QQCUion  to  revert  to  this  subject  when  I  come  to 
oonsider  the  changes  produced  upon  the  blood  by 
respiration.** 

:4  Dr.  Thotmon,  by  a  calculation  founded  upoa  the  force  of 
npour  in  the  expired  air  compared  witii  that  in  the  atmospheres 
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Having  now  examinod  in  succession  the  i^aiioui 
effc^t^  which  respiration  has  been  supposed  to  pro- 
duce upon  the  air,  I  shall  briery  recapitidate  the 
rcRult  of  our  inquiry.  1,  Air  winch  has  been  re- 
spired loses  a  part  of  its  oxygen  ;  the  quantity  variei 
considerably,  not  only  in  the  different  kinds  of 
animals,  but  in  different  animals  of  the  same  species, 
and  even  in  the  same  animal  at  diffiTcnt  times,  ac 
cording  to  the  operation  of  certain  external  agents, 
and  of  certain  states  of  the  csonstitution  and  fiinctions. 
Upon  an  average  we  may  assume  that  a  man,  under 
ordinary  circumstances,  consnmes  about  45000  cubic 
inches,  or  nearly  15500  grs.  of  oxygen  in  24  honrs. 
J.  A  quantity  of  carbonic  add  is  produced,  the 
amount  of  which  varies  very  much  according  to  cir- 
cumstances, both  external  and  internal ;  its  quantity 
depends,  to  a  certain  extent,  upon  the  quantity  of 
oxygen  consumed,  but  the  two  are  not  in  exact 
proportion  to  each  other ;  in  a  great  majority  of 
cases  the  quantity  of  carbonic  acid  produced  will  be 
found  to  be  less  than  that  of  the  oxygen  consumed, 
m  that  there  will  be  a  surplus  quantity  of  oxygen 
more  tlian  is  necessary  for  the  production  of  the 
carbonic  acid.      In   consequence  oi   the  VariatioM 

esUmated  that  he  discharged  from  the  lungs  nearly  19  pai»  in 
2i  hoxxTn;  Chem.  V,  in  p.  6Sil,  2.  Mr.  Dallon,  by  a  similar 
procfM,  estiiuatet  tlie  quantity  at  1*55  fb.t  Mam;h.  Mem.  %.  N. 
9d  ser.  p.  ^f>*  So  fur  at  we  arc  able  to  apply  to  the  living  hodf 
the  results  of  cxperinicnts  made  upau  the  dead  subject,  w^  may 
iuppofiCf  from  the  statement  of  ReiAseissen^  that  the  arteries  of 
ili9  Vinigs  are  peculiarly  adapted  for  exhalmtipn ;  Ed*  Med.  loum. 
V*  %%u  p*  i55.  ct  MH|. 


wliich  take  place  ie  the  amount  of  the  carbonic  acid 
produced,  it  appears  almost  impossible  to  fix  upon  any 
number  ivhich  may  indicate  the  average  quantity; 
but  it  may  be  stated  to  be  somewhere  about  40000 
cubic  inches  in  24*  hours,  1'his  will  weigh  18600  grg, 
or  nearly  3  lbs.,  and  wiU  contain  5208  gvf^.  of  char- 
eoal  and  13392  grs.  of  oxygen,  which  will  be  2100  gr«, 
less  than  the  quantity  of  oxyge4i  consumed/  S.  The 
folume  of  the  air  iisi  diminished  by  respiration,  but 
thi«,  like  the  changes  mentioned  above,  varies  80 
much  at  different  times,  that  it  is  almost  impoesible 
to  fonn  any  statement  of  the  quantity;  perhaps,  we 

'  It  may  be  not  uni  cist  rue  live  to  the  student  of  physiology  to 
fcmark  upon  the  singular  vacillation  of  opinion  that  has  taken 
place  on  this  subject.  About  20  years  ago  the  doctrhie  of  the 
absorption  of  oxygen  was  very  generally  embraced,  all  the  facts 
aad  analogies  appearing  to  be  in  its  favour.  After  some  tivae^ 
however,  it  was  almost  liniverially  discarded,  in  a  great  measure, 
H  i^  would  appear,  in  consequence  of  the  fxperimcntt  of 
Mefisrt*  Allen  and  Pepys ;  see  Berzelius  on  Animal  Chemistry, 
p.  30,  .  2  ;  while,  I  apprehend,  that  the  more  recent  investiga- 
tions of  Dr.  Edwards,  taken  in  conjunction  with  the  former  hcU 
and  analogies  that  were  adduced  in  its  iavour,  will  cause  ms  tci 
f^ert  to  the  conclusion  which  is  stated  in  ihe  text-  I  may  refer 
to  the  amicable  controversy  that  took  place  on  this  point  between 
Mr,  Ellis  and  myself;  Ed*  IMed-  Journ,  v\  i\\  p.  159,  S20.  I 
conceive  that  the  opinion  which  I  attempted  to  defend  in  my 
paper  hai  since  received,  from  various  quarters,  but  especially 
Gram  Dr.  Edwards,  tlte  most  unequivocal  supportt  I  may  say 
this  with  the  more  propriety,  because  the  experiments  of 
Messrs.  Allen  and  Pepys  appeared  so  favourable  to  Mr.  Ellis's 
doctHne,  that  I  became  a  convert  to  It,  and  supported  it  in  my 
lectwres  on  pli3^siology;  and  in  the  article  "  Physiology,"  in 
pr.  B»wfiier*8  Encyc,  written  in  1823* 
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may  assume  that  air,  wliicli  has  been  once  respired,  is 

dimiiiisliet!  by  about  Vt  ^^  ^^^  bulk.     4.  Jt  appears 

probable    that    nitrogen    is    both  absorbed  by   the 

lungs,  and  exhaled  from  them  ;  but  tlie  two  processes 

of  absorption  and  exhalation  differ  veiy  much,  lK>th 

in  their  absolute  quantity,  and  in  the  relation  which 

they  bear  to  each  other,  so  that  the  pro])ortion  of 

'  nitrogen  in  the  air  is  sometimes  diminiBhed  by  respi- 

txation,  is  occasionally  increased,  and  frequently  re- 

j  mains  without  alteration,     5,  A  quantity  of  aqueous 

Tapour  is  discharged  from  the  lungs,  mixed  w  ith,  or 

I  diffused  through  the  air  of  expiration  ;  but  we  have 

not  sufficient  data  from  wliich  to  decide  upon   its 

amount,  and  it  is  probable  that  the  quantity  varies 

considerably  in  the  diftbrent  conditions  of  the  system 

land  the  different  situations  in  wtiich  the  body  is 

'  placed. 

4.     The  Change  produced  upon  the   Stood  ht/ 
Respiration* 

The  change  wliich  is  prmluccd  upon  the  blood  by 
I  respiration  involves  an  inquirj^  of  a  much  more  diffi- 
cult solution  than  that  respecting  the  change  in  the 
air,  in  proportion  to  the  greater  difficulty  of  ascer- 
taining the  chemical  nature  of  the  ingredients  of  the 
blood.  Indeed,  so  complicated  is  this  fluid  in  its 
composition,  and  so  pecuUar  is  its  constitution,  that 
|icarcely  any  attempts  have  been  made  to  investigate 
the  effect  which  respiration  produces  upon  it,  by 
examining  the  substance  itself;  all  that  wc  arc  able 
to  accomplish  is  to  deduce  this  effect  from  observing 
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the  changes  which  we  find  to  have  taken  ploce  in 
the  air,  assuming  that  the  blood  has  been  the  medium 
by  which  they  were  brought  about, '^ 

The  extreme  vascularity  of  the  Imigs,  aud  the 
great  proportion  of  blood  which  is  sent  to  them, 
induced  even  the  earliest  physiologists  to  suppose, 
that  soTue  important  effect  is  produced  upon  this 
fluid  by  resi>iration :  this  idea  was  strongly  counte- 
nanced by  the  discovery  of  Harvey,  that  every  por- 
tion of  the  blood  passes  througli  the  lungs  at  each 
complete  circulation  ;  and  it  was  still  farther  con- 
firmed by  the  observation,  that  the  change  from 
venous  to  arterial  blood  takes  place  in  the  capillaries 
of  the  lungs,  and  that  the  air  is  essential  to  it.  The 
opinions  that  were  entertained  respecting  the  nature 
of  this  operation,  and  the  manner  in  which  it  is 
effected,  were  very  various,  but  they  may  be  all 
reduced  to  three  classes;^     A  numerous  and  learned 

*  It  was  a  question  with  the  older  physiologists,  whether  there 
was  any  essential  difference  between  artprial  and  venous  blood  ; 
and  It  would  appear,  that  those  who  believed  that  there  was  a 
differeivce,  derived  their  opinion  rather  from  theory  than  from 
actual  obserration.  llaller  himself  doubts,  or  rather  disbelieves, 
the  diifereoce ;  El.  Phys-  v.  1*  4,  5*  A  considerable  degree  of 
the  uncertainly  which  prevailed  among  physiologists,  before  the 
time  of  Harvey  and  Lower,  depended  upon  their  being  igno- 
rant of  the  relation  between  the  systemic  and  the  pulmonic 
circulation,  and  of  the  exact  point  in  the  circulation^  where 
the  venous  was  converted  into  arterial  blood*  Magendie  has 
given  us  a  useful  synopsis  of  the  external  characters  of  the  twu 
tpecies  of  blood  in  a  tabular  form  ;  Physiol,  v,  ii*  p.  288- 
'  J  An  interesting,  andj  upon  the  wliole,  a  correct  account  of 
the  various  opinions  entertained  on   the  u^e  of  respiration  Im 
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body  of  physiologists  siippofied  the  effect  produced 
tm  the  blood  to  be  merely  mechanical/  Some  of 
them  tlioiight  that  the  particles,  by  the  agitation 
which  they  must  experience  in  passing  through  the 
pulmonary  ressels,  were  more  completely  commi- 
nuted or  mixed  together,  so  as  to  render  the  mass 
of  an  homogeneous  consistence.  This  idea  depended 
upon  the  supposition,  that  the  velocity  of  the  blood 
was  greater  during  its  passage  through  the  lungs 
than  in  the  other  parts  of  the  circulation  ;  a  suppo* 
sitiou  which  Hales  conceived  to  be  decisively  proved 
by  actual  observation, '  and  which  was,  at  one  time,  very 
generally  adopted.  There  were  others,  however,  who 
thought  that  the  motion  of  the  blood  could  not  be 
quicker  through  the  lungs,  and  others  again  who 
thought  it  must  even  be  slower  in  this  part  of  ita 
course,  founding  their  opinions  principally  upon  cer* 
tain  anatomical  considerations,  connected  with  the 
structure  of  the  heart  and  its  great  vessels.  We  shall 
probably  be  induced  to  coincide  in  the  opinion  of 
Haller,  that  the  average  velocity  of  the  blooil  through 
the  lungs   is   not  greater   than   through  the  other 

pre63ied  to  PricBtlcy**  Essay  ;  Phil  Tram,  for  1776,  p.  22G.  et 
i€q.  or  On  Air,  v*  iii.  p*S50. 

4  Aft  a  specimen  of  the  mechanical  aielhod  of  reasootng  upon 
thift  subject,  the  dissertation  of  Sauvagcs,  on  the  action  of  thtf 
ilf'  upon  the  blood,  which  wa«  written  about  the  middle  of  the 
latt  century,  may  be  read  with  advuntuge,  being  the  production 
of  a  mAn  of  extenKive  informutian,  who  may  be  lupposed  to  have 
been  poaiecsed  of  all  the  science  of  his  age.  See  (Earrea 
Diverief ,  t*  li*  p- 139.  et  aeq. ;  see  also  PitcaJrne'i  DUs^rt.  No.  4* 

t  Slaiicil  £it«ys,  v.  ti.  p  (i6. 
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parts  of  the  body;  but  that  its  momentum  must  be 
much  less,  because  it  has  fewer  obstacles  to  its  pro- 
gress, a  circumstauce  which  is  sufficieutly  indicated 
by  the  comparative  weaknesg  of  the  right  ventricle,^ 
Boerhaave  and  his  disciples  thought  that  the  blood 
acquired  its  peculiar  organizatiou  in  the  lungs,  but 
they  do  not  appear  to  have  thought  it  necessary  to 
inquire  in  what  way  the  effect  was  brought  about 7 
The  question  whether  the  blood  was  rarefied  or  con- 
densed in  the  lungs  was  zealously  contested  by  the 
mechanical  physiologists,  one  party  supposing  that 
the  addition  of  a  portion  of  the  air  must  render  the 
Mood  specifically  lighter,*  while  others  conceived 
that  the  exhalation  of  the  aqueous  vapour,  and  the 
contact  of  the  cold  air,  must  increase  its  specific 
gravity.^    . 

A  second  class  of  physiologists,  in  which  we  find 
the  illustrious  names  of  Harvey,'  Boyle,^^  Hales,  and 
Haller,  supposed  that  the  blood,  in  its  passage 
through  the  lungs,  discharged  some  noxious  mattefi 
which,  together  with  the  aqueous  vapour,  was  re* 
moved  by  respiration;^  while  a  third  dass,  among 

*EI.  Phys.  viiL  5.21. 

1  Froelect.  notte  ad  §  200*  t.  iL  p.  93  j  ^  ^10.  L  il.  p.  115,  6. 

*  Baglivi,  Opera,  p*  457. 
r»  See  the  elaborate  dissertation  of  He!vetius ;  Mem.  Acad. 

len*  pour  17  J  8,  p,  230.  et  seq. 

»  De  Motu  Cordis,  p.  232. 

»  Work»j  V,  i*  p.  99,  et  seq. ;  v.  iii.  p.  371 .  et  «eq. 

'  It  may  be  interesting  to  observe  how  far  the  genius  of 
Vetalius  enabled  him  to  ascertain  the  nature  and  uses  of  res* 
piration.     **  Po&tquam  vero  aer  ab  hac  substantia**  (pulmonis) 
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whom  we  may  rank  Lower,  Hoolte,  l^fayow,  and 
many  of  the  Italians/  conceived  that  the  air  imparted 
something  to  the  blood,  hy  which  it  was  converted 
to  the  arterial  state-  We  shall  find  that  none  of  these 
opinions  is  strictly  correct,  even  in  the  outline*  and 
when  their  respective  advocates  proceeded  to  give 
them  more  in  detail,  they  quickly  degenerated  into  ^  , 
mere  fanciful  hypotheses,  ^fl 

Soon  after  Harvey  had  completed  the  discovery  of 
the  circulation,  the  difference  between  the  colour  of 
the  arterial  and  the  venous  blood  was  clearly  pointed 
out,  and  Lower  ascertained  that  the  change  of  co- 
lour took  place  in  the  capillaries  of  the  lungs,     Be- 

**  cordi  quodammocio  preeparatus  est,  a  venaHs  arterisD  lur- 
ctilb^  pulmoni  etiam  intextis,  ex  atpera:  arte? Ice  ramis  elidtur  et 
in  sinUtrum  cordis  ventrECulum  deialus,  tenui  ftdraodumque 
fervidoi  quern  cor  inibi  coDtlnet,  ^angoinl  commbcetur.  Hujus 
aeris  qualitates,  content!  in  hoc  ventnculo  caloris  qaalitas 
cventilatur»  substantia  nutem  calons  (qu®  aere  et  spirituosi 
sanguinis  exhalatione  constat)  istius  aerii  subitanUa  enutritur. 
Quodvero  velut  fullginosuni  ex  hoc  peculiar!  cordis  functione 
cougeritur,  rursus  per  venalem  arteriam  in  pulmonem  allegatur; 
4^*'  .  Corp>  Hum.  Fab.  lib.  6,  c,  1 ;  t.  i.  p.  i92,  3- 

*  See  Boer.  Pnclect.  §  203  cum  notls,  et  Halier,  El  Phys. 
viil.  5.  I2f  3,  for  an  account  of  the  earlier  phyt^iologists  who 
adopted  this  opinion.  To  tlie  names  mentioned  by  Haller 
we  may  add  dmt  of  :Mcad,  Works,  v.  ii.  p.  i2;  and  of 
Whytt,  Works,  p,  31.  Robinson,  who  was  a  physiologist  of 
considerable  acutcness,  lays  down  the  following  proposition, 
and  endeavours  to  prove  it  by  experiment*  •*  'Hie  life  of  an 
animal  is  supported  by  acid  parts  of  the  nir  mixing  with  the 
blood  in  the  lungs ;  which  parts  dissolve  and  attenuate  the  blood 
and  preserve  its  heat ;  and  by  boUi  these  keep  up  ihe  motion 
of  th«  heart ;  '*  Prop.  2I-.  p.  la?. 


Ob&ervaliom  of  Lower. 

fore  his  time  the  bright  scarlet  colour  of  arterial 
blood  had  been  ascribed  by  some  to  a  kind  of  com- 
bustion, which  is  kept  up  in  the  heart,  by  others  to 
the  breaking  down  of  the  red  particles^  or  to  other 
causes  equaUy  inadequate  and  cqiiaUy  unfounded. 
By  opening  the  thorax  of  a  living  animal  he  per- 
ceived the  exact  point  in  the  circulation,  where  the 
change  of  colour  takes  place,  and  he  proved  that  it 
was  not  in  the  heart,  because  it  still  remains  puri)le 
when  it  leaves  the  right  ventricle.  He  then  kept  the 
lungs  artificially  distended,  first,  with  a  regular 
supply  of  fresh  air,  and  afterwards  with  the  same 
portion  of  air  without  renewing  it,  when  the  result 
was  that,  in  the  first  case,  the  blood  undenvent  the 
usual  change  of  colour,  while  in  the  second  it  re- 
turned to  the  left  side  of  the  heart,  still  retaining  its 
purple  hue.  Hence  he  naturally  and  correctly  con- 
cluded, that  the  alteration  of  colour  is  effected  by 
the  air,  and  he  still  farther  enforced  his  opinion  by 
observing  the  action  of  the  air  on  the  crassamentum 
of  the  blood  out  of  the  body,  which,  so  far  at  least 
as  the  colour  is  concenied,  he  found  to  coincide 
exactly  with  what  takes  place  in  the  lungs. '     We  are 

i  De  Cordle,  p.  175. .  I8L  Experiments  similar  to  those  of 
Lower  have  been  so  frequently  repeat ed|  as  scarcely  to  require 
any  particular  reference;  as  a  fpecimen  those  of  Dr.  Pjiilip  may 
be  mentioned;  Phil  Trans,  for  1815.  p.  71,  2.  ex.  7,  8.  The  effect 
of  respiration  upon  the  colour  of  the  blood  is  well  illustrated 
by  those  cases  which  are  termed  Cseruleans,  where >  in  conse- 
quence of  a  mal-con  formation  of  the  heart  or  its  appendages, 
the  blood  u  not  duly  transmitted  through  the  lungs.  See  Wm. 
Hunter's  tw  o  cases  in  Med«  Obs.  and  ln^,  v.  vi.  p.  29} ;  Sandi* 


OburvatioHi  of  hou>if- 

-I 

now  so  familiar  with  the  facts  mentioned  hy  Lower, 
and  are  so  well  assured  of  the  general  correctness  of 
the  method  by  which  he  accounted  for  thciu*  that 
it  is  iinposfiihle  not  to  feel  surprise  at  the  little  im- 
pression which  hia  opinions  produced  upon  his  con- 
temporaries. We  learn,  however>  that  they  were 
almost  entirely  disregarded,  and  so  completely  was 
the  attention  fixed  upon  the  mathematical  hypo- 
thesis/ and  so  permanent  an  influence  had  it  ac- 
quired over  the  minds  of  physiologists,  that  even 
Hallcr  decidedly  opposed  the  doctrine  of  Lower,^ 


forthi  Obg.  Aiiat.  Path,  t*  ii.  p»  11.  et  scq>;  the  same  translated 
W'itli  some  additional  observations  in  Beddoes  on  Calculus^ 
p,  G2  ;  Abcrnethy*&  Essays,  p,  2.  p.  158*  There  is  a  case  of  this 
kind  related  by  Mr,  Standert,  in  Phil.  Trans,  for  1805,  p.  ^8p 
whicli  deserves  notice  in  consequence  of  the  structure  of  tbi 
heart  being  exactly  simiJnr  to  that  of  some  of  the  avnphibia;  il 
had  only  one  auricle,  and  one  ventricle. 

**  It  is  aniusmg  to  obser^'e  the  air  of  conhdLnce  and  self-salii- 
fiiction  with  which  Pitctiirne  opposes  his  mathematical  hypotliesis 
to  the  experiments  of  Lower ;  Dissert,  p.  69,  0. 

7  Boerhaave,  Pr^lecL  notfp  ad  \  COS.  t,  %  p,  1 07;  EK  Phyis.  TiV 

3.  17*     The  manner  in  which  Hallcr  speaks  of  Lower  is  still 

more  worthy  of  remark  than  the  above  observations  of  Pilcalrnei 

OS  proceeding  from  one  so  much  better  fitted  to  form  a  judgment 

upon  ttic  subject.     Speaking  of  the  effect  of  tlie  air  upon  the 

part  of  the  craBsanienium  which  was  exposed  to  it,  he  addsi 

'*  Hoc  vulgar©  experitnentura  non  n  Lowero   solum,  verum 

etiam  ab  Helvctio  scrio  propositum  ebi.**     The  remark  with 

which  Haller  concludes  his  section  on  the  use  of  respiration  U 

much  more  characteristic  of  his  candid  and  philosophical  tura 

i^f  mind.     *'  Parum  forte  satisfactum  est   multis,  ueque  ci^rta 

I  Aon  lautie  dignissimis  viris,  qui  tanta  in  rcipiratiooii  per  unlver- 

[fum  anioiahum  genus  conitaotta  pcr^pectOt  nobilluii  ali<juod  pfr 
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After  a  considerable  time  the  doctrine  of  Lower 
was  revived  by  Cigna,  of  Turin,  who  performed  a  set 
of  experiments  for  the  purpose  of  proving  that  the 
change  in  the  blood  from  the  purple  to  the  scarlet 
colour,  always  depends  upon  the  action  of  the  air ;  but 
although  they  appear  sufficient  to  establish  this  pointy 
they  excited  little  attention,  and  Cigna  himself,  in 
a  subsequent  memoir^  seems  half  inclined  to  desert 
his  former  opinion.  The  opinion  of  Ogna,  as  I 
have  already  observed,  was  taken  up  by  Priestley,  and 
confirmed  by  a  series  of  new  and  varied  experiments, 
while  they  led  him  to  the  farther  discovery  of  a  train 
of  facts,  which  have  seirved  as  the  basis  of  all  the 
information  that  has  been  since  gained  upon  tlie 
subject.  The  action  of  the  air  on  the  blood,  which, 
ts  we  have  seen,  had  been  previously  admitted,  ra- 
ther as  a  plausible  conjecture  than  as  a  deduction 
from  facts,  was  now  proved  by  direct  experiment 
It  was  found  that  a  piece  of  purple  crassamentnm, 
when  introduced  into  a  portion  of  air,  assumed  the 
scarlet  colour,  while  the  air  experienced  the  same 
change  as  by  respiration*  Priestley  afterwards  ex- 
amined the  effect  which  would  he  produced  on  the 
bload  by  the  constituents  of  the  atmosphere  applied 

pulmones  bencficium  vk®  animali  acccxlere  suspJcantur,  quani 
quidem  sunt  a  nobis  expaaita  tniinia.  Eos  vlros  tinice  velim 
mthi  Don  succensere,  quod  id  ofHciuni,  ut  mihi  nondum  cogni- 
tum  interim  omittam,esque(lyin  quid  &it,perspiracioriiUellexero;** 
Eh  Phyfi.  viii.  5.  2i,  He  had  iafurmed  us  in  the  previous  sec- 
tion, 25,  that  he  considered  the  iormation  of  the  voice  as  the 
principal  use  of  rei  pi  rat  ion- 


190 


Experiments  of  Friisiley. 


separately,  as  well  as  by  the  other  gaseous  fluids 
which  had  been  recently  discovered.  Purple  crassa- 
xnentum  was  reddened  more  rapidly  by  oxygen  thaH^ 
by  the  air  of  the  atmosphere,  while  the  contrary' ' 
effects  were  produced  by  iiitrogeu,  hydrogen,  and 
carbonic  acid,  the  scarlet  crassanicntum  being  reduced 
by  these  to  the  purple  colour.  The  conclusions  firom 
these  experiroents  are  highly  important ;  they  show 
that  the  alteration  of  colour  which  the  blood  expe- 
riences in  the  lungs  depends  upon  the  oxygenous 
part  of  the  atmosphere,  and  reciprocally,  that  the 
change  produced  on  the  air  by  being  received  into 
the  lungs  depends  upon  the  action  of  the  blood  in 
the  pulmonary*  vessels.  In  order  to  render  the  re- 
semblance between  his  experiments  and  the  actual 
state  of  the  lungs  more  complete,  Priestley  introduced 
a  piece  of  moistened  bladder  between  the  crassamen- 
tum  and  the  air,  when  he  found  that  the  same  change 
was  effected  as  in  the  former  case ;  he  also  found  that 
tlie  action  of  the  air  upon  the  blootl  was  not  inter^ 
rupted  by  the  intervention  of  a  stratum  of  milk  or 
serum,  but  that  water  and  some  other  fluids  which 
he  tried»  prevented  the  change  from  taking  place. 
The  change  which,  in  these  cases,  takes  place  in  the 
air,  Priestley  supposed  to  be  similar  to  that  produced 
by  combustion,  and»  according  to  the  hypothesis  then 
generally  embraced,  it  was  conceived  to  consist 
in  the  addition  of  phlogiston ;  he  consequently 
concluded,  that  the  abstraction  of  a  portion  of 
phlogiston  constituted  the  principal   difference  be- 


Es^perimetiti  of  Lavoisier. 

tween  venous  and  arterial  blood,  and  tliat  this  re- 
moval of  phlogiston  was  the  chief  use  of  respiration," 
I  have  noticed  above  the  modification  which  La- 
voisier introduced  into  Priestley's  hypothesis,  de- 
pending upon  his  more  correct  views  of  the  nature  of 
what  had  been  styled  the  phlogistic  processes ;  pro- 
ceeding upon  Black*s  discovery  of  carbonic  acid  in 
the  air  of  expiration,  and  his  own  discovery  of  the 
constitution  of  this  acid,  as  consisting  of  oxygen  and 
carbon,  he  concluded  that  the  essential  difference  be- 
tween arterial  and  venous  blood  consists  in  the  latter 
containing  a  larger  proportion  of  carbon.  To  this 
deduction  from  well  estabUshed  facts  Lavoisier  after- 
wards added  the  more  doubtful  hypothesis  of  the 
discharge  of  hydrogen ;  and  altliough  no  direct  evi- 
dence was  adduced  in  favour  of  this  doctrine,  so  great 
was  the  authority  attached  to  every  opinion  of  La- 
voisier's, that  it  obtained  almost  universal  consent,' 
and  the  phlogiston  of  Priestley  was  accordingly  con- 
verted into  hydrocarbon,^     But  the  discharge  of  by- 

«  On  Air,  v.  iii.  p.  362. ,  374  ;  Phil.  Trans,  for  1776,  p.  147» 
V  Sec  Essay  on  Respiration,  p.  228>  tor  references  to  various 
writers^  boih  English  aiul  Continental,  who  embraced  the  opi- 
nion that  hytlrogen  is  discharged  from   the  iungs ;  the  list,    if 
necessary,  might  be  extended, 

«  The  most  complete,  and,  as  we  may  presume,  matured  ac-- 
count  ot*  Lavoisiier  s  doctrine  is  contained  in  the  paper  written 
by  himselfj  in  conjunction  with  Seguin,  and  publbhed  in  the 
Mem.  Acad*  Scien,  for  1789,  p.  566,  et  seq.  We  have  also  & 
good  abstract  of  Lavoisier'^  doctrine,  and  his  successive  dis« 
coveries  given  by  Fourcroy  in  hi£  *'  Medecine  Eclairee,**  t.  i. 
p.  56.,  61.  published  in  179K     See  also  8eguin*s  paper  ouva- 
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drogen  from  the  lungs,  as  it  rested  upon  little  more 
tbaii  conjecture,  was  gradually  abaudoued,  and  the 
former  doctrine  was  again  adopted^  that  the  chemical 
change  in  the  blood  consists  principally  in  the  sepa-» 
ration  of  a  portion  of  carbon/^ 

We  are,  however,  under  the  necessity  of  modify- 
ing, or  rather  of  correcting  this  conclusion  in  eonse* 
quence  of  the  views  which  have  been  taken  respecting 
the  changes  produced  on  the  air;  for,  besides  the  con- 
version of  oxygen  into  carbonic  acid,  by  the  abstrac-* 
tion  of  carbon  from  tlie  HockI,  it  also  appears  that  a 
portion  of  oxygen  is,  in  some  way  or  other,  received 
into  the  system,  and  that  a  mutual  interchange  of 
nitrogen  is  always  going  forwards  between  tlie  air 
and  the  bloody  so  that  at  some  times  the  blood 
has  its  proportion  of  this  element  absolutely  dimi- 
nished, and  at  other  times  increased.  With  respect 
to  the  water  which  is  carried  off  by  the  expired  air, 
it  is  probable  that  this  depends  upon  evaporation 
from  the  surface  of  the  pulmonary  cavities;  or  if  any 

rious  tq>icf  rcipecting  heat  in  Ann,  Chim.  t*  v  ;  in  thb  ettayi] 
he  points  out  the  connexion  between  respiration  and  aoiEial 
temperature,  p.  25%  0,  and  afterwards  gives  an  account  of  tb« 
nature  of  the  change  by  ivhirh  arterial  is  converted  into  venoui 
bfood ;  tbU  he  ftuppoacs  is  by  the  addition  of  hydrogen^  and 
that  by  the  union  of  this  hydrogen  In  the  lungs  with  oxygcni 
the  blood  b^comif  itfMii  arterializcd;  he  remarks  that  hydrogen^ 
at  produced  ffotn  animal  substances,  always  contains  carboiii 
ind  that  this  caibon  aUu  unites  uith  oxygen  and  produces  cur* 
bonic  acid.  The  production  of  the  carbonic  acid  is  therefore  con* 
iidrred  um  a  kind  of  incidental  or  secondary  effect;  p*  £62, .  & 
»  Th^nard.  C  himie,  c,  3^  icct»  2*  i,  iii.  p.  QG6, 


Carbon  aUiracUd  from  ike  Blood,  |S3 


part  of  it  should  be  secreted  from  the  blood  itself  as 
it  passes  through  the  lungs,  this  must  be  regarded  as 
only  indirectly  connected  with  the  process  of  respira- 
tion. 

It  would  appear,  therefore,  that  by  far  the  most 
important  change  which  tlie  blood  experiences,  at 
least  so  fer  as  quantity  of  effect  is  concerned,  con-i 
siats  in  the  removal  of  a  portion  of  its  carbon.  Some 
attempts  have  been  made  to  prove  that  venous  ac- 
tually contains  more  carbon  than  arterial  blood,  and 
the  results  are  said  to  correspond  with  the  hypothesis*^ 
but  the  evidence  of  its  truth  must  principally  rest 
iipDu  a  knowledge  of  the  changes  which  take  place 
in  the  air.  The  air  certainly  acquires  carbon  by  being 
brought  into  proximity  with  the  blood;  there  is  no 
assignable  source  whence  the  carbon  can  be  acquired 
except  the  blood ;  the  blood  obviously  undergoes 
some  change  from  the  action  of  the  air  upon  it,  and 
the  crassamentum,  when  removed  from  the  vessels, 
affects  the  air  in  the  same  manner  with  respiration. 

But  although  the  fact  be  thus  established,  the 
manner  in  which  this  change  is  effected  is  much  less 
easy  to  comprehend  than  the  nature  of  the  change. 
Two  hypotheses  have  been  formed  to  account  for  the 
operation,  each  of  which  is  supported  by  the  autho* 
rity  of  great  names,  and  by  many  ingenious  argiN 
ments»  as  well  as  by  direct  experiment.  According 
to  one  hypothesis,  which  may  be  regarded  as  that 
originally  proposed  by  Black,  and  adopted  by  Priest- 

3  Abiklguard,  in  Ano,  Chim.  t,  xxxvi,  p.  91.  et  teq. 


Haw  Effected, 

[ley/  Lavoisier,  and  Crawford/  the  oxygen  of  the 
inspired  air  immediately  attracts   carbon   from  tl 
venous  bloody  the  carbonic  acid  being  directly  gene 
rated  by  their  uniou.     According  to  the  other,  tl 
oxygen  is  absorbed  by  the  blood,  is  mixed  with  it^l 
and  unites  with  a  portion  of  its  carbon ;  when  thfl 
blood,  in  the  course  of  the  circulation,  again  arrive 
at  the  lungs,  the  carbonic  acid  that  had  been  forme 
IB  discharged,  while  a   fresh   portion  of  oxygen 
absorbed.     The  essential  difference  between  the  twfl 
hypotheses  may  be  expressed  in  the  following  query  j 
are  the  changes  induced  by  respiration  entirely  ef^ 
fected  in  tiie  lungs,  or  are  they  brought  about  in  thq 
body  at  large,  the  lungs  serving  merely  as  the  orga 
by  which  the  substances  are  absorbed  or  discharged  J 
The  first  of  these  hypotheses  has  the  recommenda- 
tion  of  being  the  most  simple,  but  several  objections 
were  urged  against  it,  ^vhich  gave  rise  to  the  more 
complicated    hypothesis    that   was  proposed  by  La 
Grange. 

4  Prkatley  onglnally  took  this  view  of  the  subject,  bi; 
aflerwardji  thouglit  it  more  probable  Umt  the  oxygen  is  afa 
iorbed  by  tbe  blood ;  an  opinion  which  he  appears  to  b«« 
adopted  in  consequence  of  his  supposing  that  the  quantity 
OKvgen  which  dUappears  h  greatur  than  what  is  necessary 
form  the  carbank  acid ;  Phil  Trans,  for  1790*  p,  106  et  9e% 

s  It  i&  not  intended  by  tins  expression  to  signify^  that»  at  tl* 
pcrtodi  lilack,  Frieslley,  and  Crawford,  liad  a  correct  conce|^ 
lion  of  carbonic   ccidt  as   cun^isting  of  carbon   and  o\ygea^ 
which   was  a  subsequent  discovery  of  Lavoisier;    Black  ai^^ 
jiounced  the  actual  tbrmation  of  carbonic  acid,  while  Craw-     ' 


Source  of  ihe  Carbofu 

Hn  orfef  to  form  a  jiicTgment  of  their  ]pe«i>ectivc 
merits,  as  well  as  to  complete  tlie  theory  of  respU 
ration  generally,  it  is  necessary  to  inquire  into  the 
source  of  the  carbon  which  n  removed  from  the  lungs, 
and  to  consider  the  probable  effect  which  would  result 
frbm  its  union  with  oxygen,  according  as  it  may 
take  place  in  the  lungs  only  or  in  the  course  of  the 
drculation.  The  first  attempt  to  explain  the  mode 
in  w^hich  the  blood  acquires  its  inflammable  matter 
was  made  by  Crawford,  He  obsen  es  that  the  parti- 
cles of  which  the  body  is  composed  have  a  tendency 
to  change,  the  old  ones  are  perpetually  removed, 
while  fresh  matter  is  continually  deposited  in  their 
room.  This  gradual  interchange  of  particles  is 
effected  by  the  capillary  vessels ;  the  arterial  blood 
conveys  nutritious  matter  to  all  parts  of  the  body, 

finrd  und  Priestley  supposed  thnt  m\  iDHanioiable  maUer  was  dis- 
chjfcrged  frooi  the  blood,  which  converted  part  of  tlie  inspired 
air  into  carbonic  acid  ;  See  Mem.  Acad,  pour  1775.  p*  520.  .6  ; 
also  Black*s  Lect-  by  Eobisofi>  v.  i,  p.  99,  where  he  fully  admits 
of  Lavoisier*s  claim.  The  successive  steps  by  which  we  ar- 
rived at  a  correct  opinion  respecting  the  constitution  uf  carbonic 
acid,  and  the  share  which  Lavoisier  had  in  the  discoTery»  are 
well  pointed  out  by  Mr.  Aikin,  in  the  article  **  Lavoisier/'  Gen. 
Biog.,  V.  VI.  p.  162.  Lavoisier's  paper  referred  to  above  was 
first  read  to  the  Academy  in  1775,  read  a  second  time  in  177B| 
and  published  in  the  same  year.  In  his  memoir  of  I777i 
p,  19L  he  clearly  states  the  two  hypotheses  of  the  absorption 
of  oxygen  and  of  its  direct  conversion  into  carbonic  acid,  and 
thinks  it  probable  that  boili  the  operations  may  take  piece, 
although,  OB  we  have  seen^  he  afterwards  determined  exclu- 
sively in  favour  of  the  latter  opinion.  See  Dr,  Edwards,  De 
Pfnfluencc  &c.  p.  437»  S« 


u 


I9i 


Crawford* s  Hypothish, 


and  employs  it  in  repairing  the  waste  that  is  neees- 
wuily  going  on,  while,  at  the  same  time  that  the 
blood  loses  its  nutritive  particles,  it  receives  the 
eflfete  or  pntrescent  matter,  which  is  now  become 
useless  or  even  noxious  to  the  system ;  this  is  carried 
by  the  veins  to  the  lungs,  and  is  there  discharged, 
after  being  united  to  oxygen,*^  It  is  to  this  change 
of  particles  that  the  difference  between  arterial  and 
venous  blood  is  ascribed,  and  it  follows,  according  to 
this  view  of  the  subject,  that  the  matter  which  is 
received  into  the  systemic  veins  contains  more  carl 
than  that  which  is  carried  off'  by  the  arteries,  and 
employed  in  the  growth  and  nutrition  of  the  body* 

Crawlbrd's  hypothesis  possesses  much  ingenuity  i 
it  accords  with  some  well  established  facts,  and  seen3i| 
to  afford  a  simple  and  natural  explanation  of  them| 
yet,  upon  a  closer  inspection,  it  will  be  found  to  be 
inadmissible*  We  have  no  evidence  of  the  existence 
of  any  set  of  vessels  or  other  apparatus,  by  which 
the  carbon  can  enter  the  veins  at  their  capUlary  ex- 
tremities, while  there  is  an  obvious  source  of  this 
matter  in  the  chyle  which  is  poured  into  them,  n< 
their  termination  in  the  right  side  of  the  he 


*  On  Animal  Heat,  p*  150,  1,     He  brings  forward  a  dir 
experiment  of  Hamilton**,  in  order  to  prove  that  bbod  ia  venal 
Jzeil   by  the  addition  of  llie  basis  of  hydrogen,  p.  149,  0;  bu 
file  cicpertment  ti  not  of  that  nature  which  ciin  enable  us  I 
dntw  any  important  conicqueiiccs  from  it.     The  some  exper 
ment,  uft  well  fts  some  of  Pritatley^s,  on  the  action  of  hydrog 
bn  the  blood, !«  also  referred  to  hy  Seguin,  in  order  to  prove  tfc 
kbi^orptioo    of  hydrogen   as   stated  aboire;   Ann.  Chlm*  I* 
p*  266,  ?•     See  alio  Crawford,  p.  1*7. 


Remarks  upon  tV. 

immediately  previous  to  the  passage  of  the  blood 
through  the  lungs.  The  properties  and  uses  of  the 
chyle  will  be  fully  considered  hereafter ;  but  I  may 
remark  in  this  place^  that  there  can  be  no  doubt  that 
it  is  the  substance  destined  for  the  support  of  the 
system,  by  which  the  waste  of  the  body  is  repaired, 
and  materials  are  furnished  for  its  growth  and 
increase.  Hence  we  are  led  to  the  conclusion^  that 
arterial  blood  becomes  venalized,  not  in  consequence 
of  any  thing  which  it  receives  while  it  is  passing  into 
the  veins,  but  from  what  it  loses  in  forming  the 
various  secretions,  or  in  contributing  to  the  growth 
and  nutrition  of  the  body, 

Mr,  Ellis's  hypothesis,  respecting  the  origin  of  the 
carbon  which  is  employed  in  respiration,  differs  essen- 
tially from  the  o|»inion  that  is  generally  adopted  on 
this  subject,  in  supposing  that  the  carbon  does  not 
proceed  immediately  from  the  blood,  but  that  it  is  an 
excretion,  protluced  by  the  action  of  the  exhalent 
vessels  of  the  lungs.  These  vessels,  he  conceives* 
possess  the  power  of  discharging  both  carbon  and 
water;  the  former,  as  it  may  be  presumed,  in  a 
gaseous,  although  uncombined  state,  and  that  it  then 
meets  with  the  oxygen  of  tlie  air  in  the  vesicles,  and 
forms  carbonic  acid<  The  principal  arguments  which 
he  adduces  in  favour  of  his  hypothesis  are,  that  a  gas 
cannot  penetrate  the  cellular  or  vascular  structure 
which  separates  the  blood  from  the  air  in  the  cells 
of  the  lungs ;  that  we  have  no  proof  of  the  existence 
of  any  gas  existing  in  tbe  blood,  while  he  insists 
much  upou  the  analogy  between  the  functions  of  the 
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skill  and  lungs^  and  considers  it  as  proved,  tha|J 
although  the  skin  converts  oxygen  into  carbonic  acid^j 
DO  gas  is  either  absorbed  or  discharged  from  it.^ 

I  think  it  may  be  stated,  in  opposition  to  JIr.l 
Ellis's  doctrine,  that  we  possess  direct  experiments  iii 
proof  of  the  action   of  oxygen  on  the  blood  out  of  j 
the  body,  where  no  vital  operation  can  take  placCi 
and  that  this  action  is  not  prevented  by  the  operation 
of  a  membrane  much  thicker  than  that  which  cou# 
gtitutes  the  vesicles  of  the  lungs;  that  it  is  not  oxygen  i 
or  carbonic  acid  in   tlieir  gaseous,  but  in   their  solid! 
form,  that  are  supposed  to  exist  in  the  blood,  while 
the  action  of  the  skin  upon  the  air  is  it&elf  too  little ' 
understood,  and  the   results  of  the  experiments  too 
uncertain,  to  warrant  us  in  drawing  any  conclusion 
from  them.^     ]\fr.  Ellis's  hypothesis  I  conceive  to  be 
defective,   as   it   does  not    sufficiently   explain    the 
object  of  the  elaborate  apparatus,  by  which  the  air 
and   the  blood    are  brought  into    such   close  and 
extensive  proximity;  nor  does  it  show  the  connexion 
between  the  chemical  change  which  the  air  expe« 
riences  in  the  lungs,  and  the  conversion  of  the  blood 
frora  the  venous  to  the  arterial  state.     It  appears 
moreover   to   neglect   the    analogy   which   wc   have 
between  the  action  of  the  air  on  the  blood  out  of  the 
body,  and  what  takes  place  in  the  lungs ;  the  change 
appears  to  be  the  same,  in  each  case,  both  ui>on  the 

1  Io(]u»ry,  p.  195,, 500. 

•  This  remark  I  conceive  to  be  amply  supported  by  the  slate* 
menu  very  catididly  broyglit  forwards  by  Mr*  ElJia  himself,  in 
Ibe  tecand  part  of  hia  wark,  p.  353«  ct  ^eq* 
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air  and  tlie  blood,  aud  heuce  we  natiu-ally  infer  that 
it  is  brought  about  by  tlie  same  kind  of  agency /^  -^ 
An  an  objection  to  the  hypothesis  whicli  supposes 
the  union  of  oxygen  and  carbon  to  be  brought  about 
iu  the  lungs,  various  facts  were  adduced  to  show,  that 
the  change  firon^  the  artcriid  to  the  venous  state  can 
take  place,  by  the  action  of  the  constituents  of  the 
blood  upon  each  other,  while  it  reuiains  in  the  great 
trunks,  in  a  situation  where  it  is  incapable  of 
receiving  any  addition  of  extraneous  matter.  It  has 
been  observed  in  surgical  operations,  that  after  a 
tourniquet  has  been  applied  to  an  arterial  trunks  the 
blood  which  first  flows  when  we  remove  the  instru- 
ment, is  perceived  to  be  of  the  venous  coIouTi  and 
it  was  remarked  by  Hunter,  tliat  extravasated  blood 
is  always  purple,  even  in  cases  where  tlicre  is  every 
reason  to  suppose  that  it  may  have  proecedcd  from  au 
artery.  That  this  was  actually  the  case  he  proved 
by  punctuiing  the  femoral  artery  of  a  dog,  when 
upon  examining  the  blood  that  was  effused  in  the 
adjoining  cellular  substance,  he  found  that  it  was  of 
tbc  purple  colt>ur,  and  as  far  as  coidd  he  judged  by 
its  external  characters,  was  converted  into  the  venous 

9  Thtf  point  is  well  stated  by  CrawfortJ,  dIowaQce  being 
necessarily  made  for  the  discoveries  and  consequent  changes  of 
out  hypotheses  which  have  taken  place  since  the  date  of  his 
publication;  On  AnimaJ  Heut>  p,  H7i  fi*  Sonic  late  experi- 
ments of  M.  Fodera's  on  transudation  seem  very  much  to  favour 
the  idea  of  the  possibiUty  of  tlie  air  acting  upon  the  Wood 
dirough  the  interveiition  of  tlic  vetiseU.  See  Magendie's  Journ. 
Phyijiol.  t,  iii,  p.  35.  et  seq. 
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state,  although  it  had  been  carefully  preserved  from 
the  contact  of  any  extraneous  body.  A  more  direct 
experiment  was  then  tried  ;  a  portion  of  the  carotid 
of  a  dog  was  included  between  two  ligatures,  and 
upon  piercing  this  part  of  the  vessel  after  sonic 
horns,  it  was  found  to  contain  blood  which  had 
acquired  the  complete  venous  appearance,* 

It  was  partly  from  certain  facts  of  this  description, 
aVid  partly  from  the  difficulty  which  was  supposed  to 
exist  in  accounting  for  the  equable  diffusion  of  heat 
over  the  system,'  that  La  Grange  formed  his  hypo- 
thesis, which  Ilassenfratz  has  illustrated  by  various 
arguments  and  direct  experiments*^  According  to 
La  Grange,  the  oxygen  is  absorbed  in  the  lungs,  and 
enters  into  a  loose  combination  with  the  blood,  to 
which  it  imparts  the  scarlet  colour ;  during  the  course 
of  the  circulation  a  more  intimate  union  takes  place 


•  On  the  Blood,  p.  65. .  7. 

"^  Hassenfratz,  Ann.  Cblm.  t.  ix.  p.  265|  0,  observes,  that 
according  to  Crawford's  hypothesis,  "  Ics  poumons  sont  Ic  foyer 
Y)&  le  de^ge  (oute  la  dialeur  quo  la  sang  abandonnc  daoi 
Veconomie  anhnale:"  and  again,  *'  M.  de  la  Grange  rcflc- 
chiasant  que  li  toute  la  chalcur  qui  se  dtstribue  dani  reconooile 
animak  sc  degageoit  dans  ks  poumons,  Sic*^*  It  must  excite 
some  ji»urprtse  that  these  expressions  should  have  been  employed 
on  a  subject  so  generally  known  as  Crawford's  doctrine  of 
anutial  heal,  which  had  been  many  years  before  the  public ; 
and  still  more  so,  because  Hassenfratz  himself,  io  the  beginning 
of  his  paper,  p*  263,  expressly  notices  the  experiments  on  the 
different  capacities  of  arterial  and  venous  blood  as  what  were 
generally  recogniE«?d.  See  Mr,  Dalton'a  observations  on  this 
point  in  Manchester  Mem.  v,  it,  2d.  »er.  p.  20. 

*  Ann.  Chim.  t.  jx.  p.  2Q9, 
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between  tlie  oxygen  ant!  the  enrboD,  in  conseqncnce 
of  which  the  blood  becomes  venalizcd*  The  differ- 
ence, therefore,  between  arterial  and  venous  blood 
depends  not  so  mnch  npon  the  nature  and  proportion 
t>f  its  constituents,  as  npon  the  mode  of  their  com- 
^nation,  and  the  action  which  they  exercise  on  each 
other.^  From  the  time  when  the  blood  enters  the 
left  auricle  of  the  heart,  until  it  leaves  the  right 
ventricle,  it  undergoes  the  complete  change  from  thfe 
arterial  to  the  venous  state,  yet  it  may  be  presumed 
that  the  proportion  of  oxygen  and  carbon  is  not 
altered,  in  so  far  as  respects  this  specific  change.* 

4  The  expertraent  of  Priestley,  in  which  arteHal  blood 
assumed  the  venous  hue  hy  being  placed  in  vacuo,  On  Aitj 
V.  iiL  p.  364-,  has  been  regarded  as  a  proof  that  the  change  from 
the  arterial  to  the  venous  state  mufit  depend  upon  the  action  of 
the  constituents  of  the  blood  mpoh  each  otht7r. 

s  A  modlHcatiou  of  La  Grange's  hypothesis  was  propOKcd  by 
Mr*  Allen  m  his  lectures  on  the  animal  economy,  formerly  deli- 
vered at  Edinburgh,  accordmg  to  which  a  part  only  of  the 
oxygen,  necessary  to  form  the  cafbonic  add,  is  united  to  It  in 
the  course  of  the  circulation,  so  to  produce  ab  oxide  of  carbon ; 
when  this  arrives  at  the  lungs>  It  attracts  fi'oni  the  air  the  r«- 
tnaining  quantity  of  oxygen,  and  is  converted  into  carbonic 
acid.  For  an  account  of  Mr.  Allen's  doctrines  on  this  and  some 
other  points  connected  with  it,  the  valuable  thesis  of  Professor 
Delurive  may  be  consulted.  It  is  supposed  that  the  serum  con- 
tarns  a  quantity  of  pure  soda,  which  is  incompatible  with  the 
presence  of  carbonic  acid  in  the  blood.  The  hypothesis  of 
Rlcherand  Is  very  similar  to  that  of  Mr,  Allen ;  Etetn.  of  Phys. 
^  76*  p*  *20H*  Bfutuenbach's  idea  of  the  nature  of  the  change 
which  the  blood  Experiences  is  not  essentially  dilferent  from  thafc 
of  La  Grange,  e*-ccpt  that  he  ascribes  the  change  to  carbon 
only,  and  not  to  the  compound  of  carbon  and  hydrogen;  he  snp- 
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In  pursuance  of  this  idea  Hassenfratz  proposed 
observe  what  would  be  the  effect  of  placing  blood  ii] 
contact  with  oxygen,  or  substances  supposed 
contain  it,  and  also  to  notice  the  spontaneous  changes 
which  arterial  blood  undcigocs  when  cut  oft'  Irom  fill 
commnuicatiou  with  oxygen.  The  experiments  per- 
formed with  a  view  to  the  first  of  these  objects 
cannot  be  regarded  as  entitled  to  much  attention ; 
indeed  they  principally  consist  in  comparing  the 
effects  produced  by  exposing  portions  of  blood  to 
liquid  chlorine,  and  to  muriatic  acid.  The  other  set 
«f  experiments  are,  however,  more  deserving  of  onr 

poses  thai  the  '*  oxygenized  blood"  acquires  carbon  iotbe  sinaU 
vessels  J  Instit.  §  167-  Sir  E,  Home  suggests,  as  an  argument 
in  favour  of  the  opinion  that  oxygen  is  actually  absorbed  by  the 
blood,  that  if  this  were  not  the  case,  the  fcctal  blood  could  not 
be  aerated  by  being  brought  into  proximity  with  that  of  the 
mother  ;  Phil.  Trans,  for  1810,  p,  217-  The  suggestion  may  be 
regarded  as  favourable  to  the  hypothesis,  but  it  might  be  said 
that  the  maternal  blood,  in  this  case»  merely  abstracts  carboa 
from  the  blood  of  the  fcetus.  In  the  same  connexion  the  CKpc* 
riment  of  Hewsoo  may  be  mentioned,  in  which  be  contiued  a 
ijuantity  of  blood  in  the  jugular  vein  between  ligaturcfi  aod 
upon  aduiitting  air  to  it,  observed  that  each  bubble  of  air,  as  it 
came  in  contact  with  the  venous  bload,  converted  it  to  the 
arterial  hue;  Inquiries,  v*  i.  p.  8,  ex.  3.  We  have  an  experiment 
related  by  Fourcroy,  which  has  been  supposed  to  be  favourable 
to  the  hypotliesii  of  the  absorption  of  oxygen  by  ibc  blood  ;  a 
portion  of  air  was  confined  in  a  jar  over  blood,  when  the  air 
was  found  to  have  its  volume  diminished  and  its  oxygenous 
part  removed;  Ann.  Chim.  t.  vii.  p.  148^9;  but  as  tbi§  ex- 
periment was  performed  in  tlio  infancy  of  the  pneuniatic 
chemistry,  wc  may  suspect  there  is  some  inaccuracy  in  th<^ 
statement. 
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eonsider'atioii,  both  as  affording  more  direct  results, 
and  as  of  so  simple  a  nature  as  to  be  little  liable  to 
mistake  or  inaccuracy*  Hassenfratz  filled  a  number 
of  tubes  with  arterial  blood,  and  sealed  them  herme- 
tically, when  he  uniformly  found  that  the  blood,  after 
some  time,  lost  its  scarlet  colour,  and  acquired  the 
complete  venous  aspect. 

Upon  the  whole  the  experiments  and  reasoning  of 

Hassenfratz  are  not  without  their  value,  altliough 

few%  if  any  of  them,  are  of  tliat  unequivocal  nature,  as 

to  afford  any  very  direct  or  decisive  proof  of  the  truth 

of  the  hypothesis.     It  must  he  acknowledged  that 

the  mere  change  of  colom*  which  the  blood  undergoes, 

when   it  is  extra^^asated    in    the   cellular  texture, 

enclosed  in  sealed  tubes,  and  still  less  the  effect  of 

chlorine  upon  it,  can  be  considered  as  bearing  but 

an  impei^fect  analogy  to  what  takes  place  while  it  is 

eircidating   in   the  vessels.     And   we   may   fartlier 

remark,  that  even  should  we  consider  the  observations 

and   experiments    of    Hunter    and   Hassenfratz  as 

proving  that  tlie  change  from   the  arterial  to  the 

venous  state  may  be  effected,  without  any  addition 

ab^  extra,  it   does   not  necessarily  follow   that  the 

reverse  operation  can  take  place,  nor  indeed  have  we 

any   evidence   that  it  ever  has  been  accomplished, 

except  by  tlie  interveution  of  oxygen.     It  is  more  by 

other   considerations,    connected    with   the   changes 

induced  upon  the  air,  or  with  the  part  which   its 

constituents  perform,  cither  separately  or  conjointly, 

wlien  placed  in  contact  with  the  blood,  that  we  must 

form  oiu'  opinion  upon  this  controverted  subject. 


m 


Memmki. 


And  iBdeed  the  merits  of  tlic  questian  may 

Tested   almost  exclusively  upon    the    siugk  poiut, 

whether  the  oxygen  which  is  consumed  he  exactly 

replacetl  hy  <in   equal  bulk  of  carlK^nic  acid,   the 

nitrogen   remaining  altogether  passive,   or  whether 

there  he  a  surplus  quantity  of  oxygen  ahsorh^l  hy 

the  blood,  as  well  as  a  reciprocal  ahBorption  aud 

I  exhalation  of  nitrogen-     After  duly  balancing  the 

facts  and  argumeuts  that  have  been  advanced  on  each 

fide  of  the  question*  I  have  been  induced  tu  adopt 

the  latter  of  these  opinions,  aud  as  a  certain  degree 

of  ahsorjitiou  of  both  oxygen  and  nitrogen  appojurg  to 

I  take   place  iu  the  lungs,  there  is  no  diihculty  in 

*  supposing  that  this  is  the  case  with  respect  to  the 

I  ^holu  of  what  is  employed  iu  tlie  system  ;  and  we 

ahall  probably  imd  it  to  be  more  consonant  to  the 

other  operations  of  the  animal  ceconomy  to  conceive 

of  the  imion  between   the  oxygen  aud  the  carbon 

being  brought  about  cUuing  the  course  of  the  circu- 

[Ifitiou,  thau  by  a  momentary  contact  iu  the  lungs 

•Iwe.'* 


#  We  have  some  observations  anil  experiments  of*  Dr.  Davy'i, 
ihflt  beai  indirectly  upon  ihh  i\ucmon,  and  favour  llic  same 
opinion.  He  found  thai  in  certain  morbid  conditions  of  the 
okat,  the  p)eiirt«*  appeared  to  have  thf»  power  of  absorb:  T 

probftbly  ol*  exhaUiig  air  from  their  surfaces,  and  thi»  i 

tikcHl&c  to  be  tliL*  case  with  air  arti^cially  introduced  between 
the  plounu  in  their  healthy  state.  Hcnct?  ho  justly  infers,  that 
muccius  tncndiranes  generally  possess  the  property  of  absorbing 
and  exhaling  air,  and  that  these  operations  are  mutnally  j^oing 
forward  w  the  natural  process  of  respiration ;  Phil  Trans,  for 
1823,  p.  40<i,  et  seq-     Aq  inference  af  tho  sanui  kind  has  Umo^ 


Experiments  of  Edwards. 

But  this  opiiiiou  does  uot  rest  entirely  upon  oiU' 
knowledge  of  the  changes  whidi  are  induced  upon 
the  air  by  its  passage  through  the  lungs ;  we  have 
l^me  very  direct  and  unexceptiouahle  experiments  fay 
Dr,  Edwards,  which  may  be  regarded  as  proving 
both  the  absorption  of  oxygen  and  the  exhalation  of 
carbonic  acid  by  the  pulmonary  vessels.  Having 
shown  that  the  air  is  diminished  by  respiration,  he 
proceeds  to  examine  whether  the  diminution  depends 
upon  the  absorption  of  oxygen  or  of  carbonic  acid, 
and  he  determines  in  favour  of  the  fonucn  because 
when  a  small  animal  is  confined  in  a  large  quantity 
of  air,  and  the  process  is  continued  for  a  sufficient 
length  of  time,  he  found  that  the  rate  of  absorption 
was  greater  at  the  commencement,  than  towards  the 

drawn  from  the  cliemical  constitution  of  tlie  air  m  the  swimming 
bladder  of  fishes,  which  must  apparently  he  regarded  m  the 
product  of  the  containing  membrane,  proceeding  from  exhala- 
tion, and  probably  modified  by  absorption.  It  has  been  found 
by  different  experimentalists  that  the  composition  of  this  air 
differs  from  that  of  the  atmosphere*  It  sometimes  contains  lesa 
oxygen,  as  was  found  to  be  the  case  by  Priestley ;  On  Air,  v,  ii. 
p.  462,  3 ;  but,  as  it  appears,  it  frequently  contains  a  larger 
proportion,  Biot  established  this  very  satisfactorily,  by  a  series 
of  c]Lperimenta  related  in  Mem.  d^Arcueil,  t.  i.  p.  252.  et  seq ; 
from  wliich  we  learn>  that  the  proportion  of  oxygeii  increases  with 
the  deptli  of  the  water  in  which  the  iish  usually  resides,  varying 
from  a  very  minute  quantity  to  ST  per  cent.  Biotas  experiments 
bave  been  fully  coniirmcd  by  Configliachi ;  Ann.  PhiL  v.  v. 
p.  40'  Humboldt  and  Provencal  likewise  Ibund  that  the  com* 
position  of  the  air  in  the  swimming  bladder  of  river  fibh  was  not 
uniform  in  its  composition  ^  Mein.  d'Arcueil,   t.  ii.  p*  400* 


u 


Etptrimenls  of  Edwards, 


termination  of  the  experiment,  while  at  the  former 
period  there  must  have  been  an  excess  of  oxygi 
present,  and  at  the  latter  an  excess  of  carbonic  acid/ 
l>r.  Edwards's  experiments  in  proof  of  the  exh; 
*ion  of  carbonic  acid  by  the  hmgs  are  no  lei 
infcenioiis  and  decisive  than  those  related  above/ 
pJpallanzani  had  stated,  that  when  certain  animals  of 
the  lower  orders  are  confined  in  gases  that  contain  no 
oxygen,  still  the  production  of  carbonic  acid  is  not 
interrnpted;  proceeding  upon  this  statement, 
Edwards  confined  frogs  in  pure  liydrogen,  in  which,' 
by  observing  the  neccssar\^  precautions,  they  are 
capable  of  existing  for  a  considerable  length  of  time* 
while  we  observe  that  the  action  of  tlie  lungs  is  not 
iinspcndcd.  The  rcsidt  of  this  experiment  was  that 
carljonic  acid  was  produced,  and  in  such  quantity 
to  show  that  it  could  not  hare  been  derived  from  tlie 
residual  gas  in  the  lungs,  being  in  some  cases  near! 
equal  to  the  bulk  of  the  animaL  The  same  rcsid 
although  in  a  less  degree,  were  oljtained  with  fish 
and  afterwards  with  snails,  the  animals  on  whom 
Spallanzani's  original  observations  had  been  tnadeJ 


e^ffl 


t  D<t  rinfluence  &c.  p.  il  I,  2* 

*  Vpon  these  experiments  the  author  reraarks,  *•  il  cet  intlfi 

Intnblc,  quVUes  produisent  de  Tacicle  carbomqiie,  en  re»pti 
^  till  gtiz  tlqiourvn  d'oxigene ;  que  cet  nctJe  cnrbonique  n*e»t  pi 
\6Ci  Jt  une  quantitc  de  ce  gaz  contenu  dans  la  cavite  des  or 
^  reapiratdns  avant  Pexperiencc,  ou  il  Foxigene  qu'ils  pt- uvci 
.  renfermer :  par  con»6querit  qu'il  n  est  pas  foniit'  de  toutes  pic*c€ 
I  flans  rattc  dc  la  ref  piiMtion^  par  hi  cotiihhmjson  de  l*oxig^nc  i 

Talr  inftplfe  avec  1e  earhonu  du  san^,  mat5  qu'it  est  le  produit  de 

IVxhiilatron/'  p.  45i. 


lurperimtiiis  of  Edwards, 


He  also  extcTidtxi  his  experiments  to  the  iiiamni alia, 
by  taking  advantage  of  a  property  which  he  had 
found  to  exist  in  certain  species  of  newly-horn  ani-^ 
mals,  of  being  able  to  exist,  for  a  short  time,  without 
the  access  of  oxygen  to  their  lungs.  Kittens  of  two 
or  three  days  old  were  iiamersed  in  liydrogen  ;  they 
remained  in  this  situation  for  nearly  twenty  minutes^ 
without  being  deprived  of  life,  when  it  was  found 
that  they  had  expired  a  quantity  of  carbonic  acid 
greater  than  could  possibly  have  been  contained  in 
tlieir  lungs  at  the  conimcnccnieut  of  the  experi- 
ment.^ 


9  The  conctubion  from  these  cxpcrimciits  is ;  **  que  Pacide 
carbonifiue  expire  est  uue  cxlialatiim  qui  provient  eii  tout  ou  on 
partie  tie  racide  carbom'que  contenu  duns  la  masse  du  sang/* 
p.  465.  The  experiments  related  in  ihe  lext  are  contained  in 
Dr.  Edwards*s  work,  par.  4.  c.  16.  §  4.  p.  437.  .465.  We  hav^ 
a  direct  experiment  of  Legal lo is'  in  favour  of  the  absorptton  of 
carbonic  acid  during  respiration.  He  placed  an  animal  in  a 
quantity  of  air  which  contained  a  conisiderable  proportion  of 
carbonic  acid,  and  upon  removing  the  animal  he  fomid  an 
actual  diminution  in  the  qtmntit^^  of  carbonic  acid ;  Ann.  de 
Chiin.  ct  Phys*  t.  iv.  p.  115. 

As  an  indirect  argument  in  favour  of  the  opinion  maintained 
in  the  text,  wq  may  adduce  the  conclusion  which  Sir  IL  Davy 
formed  from  his  experiments  on  the  respiration  of  nitrous  oxide 
and  hydrogen ;  '*  that  a  certain  portiou   of  the  carbonic  acid 
produced  in  respiration  is  evolved  from  the  blood;"  Kesearches, 
p.  4-^7.     We  have  likewUc  some  farther  observations  in  p.  188. 
I  must  not  omit  to  mention  an   experiment  ivhich  has  been 
performed  by  Magendie  and   by  Orfiia,  in  which  when  phos- 
phorated oil  was  injected  into  the  cellular  texture  or  the  Wood 
I         vessels,  the  phosphorus  has  been  expired  in  combination  with 
■       oxygen;  !See  Mem.  by  Magendie  on  Transpirallon^i  p»iy,  0; 

■l_ 
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Is  the  Air  generallt/  abiorbid  ? 


A  question  still  remains  to  be  considered,  wlietlieri 
vhen  the  air  euters  the  pidnionaiy  veeicles,  it  is 
absorbed  iu  its  whole  substance,  tbat  proportion  of 
^9ch.  of  its  constituents  which  h  necessary  for  the 
wants  of  the  system  being  retained,  while  the  excess 
of  each  is  rejected,  or  whether  the  quantity  only  be 
^ibsorbed  which  is  afterwards  employed,  consisting  of 
t  large  proportion  of  oxygen  and  a  small  projiortion 
of  nitrogen.  8ir  H,  J)avy  thinks  that  the  whole  of 
the  air  is  absorbed,  and  tbat  the  suj'plus  quantity  of 
^fMli  o(  the  eoubtitueuts  is  afterwards  discharged ; 
remarks  that  air  has  the  "power  of  acting  upon 
blood  through  a  stratum  of  serum,  and  he  conceives 
it  probable,  that  in  this  case  the  whole  mass  must  be 
absorbed  before  it  can  anive  at  the  red  particles, 
upon  wliich  its  action  is  specifically  exercised.'  But 
altliough  this  view  of  the  subject  appejirs  to  be  the 
n)ost  probable,  yet  we  must  not  consider  it  as  resting 
on  any  very  decisive  evidence." 

ftnd  Ortila  8  Toxicologic,  t.  i.  p.  <5SL  et  leq*  In  this  case  it  hat 
j  biiea  supposed  by  Dr  Prout  more  probtiblc  that  the  union  of  tho 
I  phosphorus  and  oxygen  should  take  place  in  the  putmonpry 
vesicles  than  in  the  course  of  the  circulation ;  See  Ann.  Phil 
V-  kiii.  p.  278 ;  but  the  effect  is  of  «o  peculiar  a  nature  that  it 
aeems  scarcely  possible  to  reason  from  it  to  wtiat  takes  place 
under  orditmry  circumstances. 

*  Researches,  p*  417 

*  Sir  H*  Davy's  cxptTiuients  on  tlie  rcsi*lratiou  «  ' 
O^ide  have  been  adducent  in  favour  of  ihii  opinion*  bet 

^  hmt  beea  thought  to  prove  that  nitrogen  was  generated  by  this 

t  prace$3»  which  it  has  bcciY  suppoM^d  could  only  have  taken  pUo^ 

by  I  he  (U  composition  of  the  nitrous  ujcldc  after  it  had  beef) 


Vpon  wkai  Pari  of*  the  Blood  tJon  the  Air  act? 


1  have  already  iDailc  Home  observations  on  the  sup^ 
posed  discharge  of  hydrogen  from  the  lungs.  The 
fpiperiments  and  *irguments  that  were  employed  by 
Lavoisier^  to  prove  that  tjie  water  contaiiiecl  in  tho 
expired  air  is  generated  by  the  union  of  oxygen  and 
hydrogen,  appear  to  be  totally  inadequate  to  the 
purpose,  and  accordingly  the  hypothesis  itself, 
althoiigh  at  one  time  so  very  generally  adopted,  is 
i^t  present,  I  conceive,  entirely  abandoned.^ 

As  tlic  blood  in  a  very  compound  iluidt  composed 
of  various  substances  that  arc  loosely  combined 
to^otlier,  and  possess  different  chemical  properties, 
it  has  been  a  subject  of  inquiry,  upon  which  of  ita 
eonstitnents  does  the  air  more  particularly  act.  Ac* 
cording  to  the  hypothesis  which  supposes  the  lungs 
tQ  be  the  seat  of  the  operation,  the  inquiry  will  be, 
from  what  part  does  the  oxygen  procure  the  carbon, 
and  according  to  the  other  hypothesis,  by  what  part  is 

previiously  absorbed  by  the  bbod  ;  Ecscarches,  p.  412.  et  seq.i 
acid  an  argument  waa  drawn  from  this  in  favour  of  the  Absorption 
of  atmoepherie  air  by  the  blooj*  There  are»  Iiowever,  several 
points  in  these  experiments,  nith  respect  to  the  capaclt}'  of  the 
lungs  in  their  different  slates  of  distention,  aa  well  as  the  relation 
which  they  bear  to  the  quantity  of  air  inspired,  which  reqyire  to 
be  rc"Considered,  before  we  can  admit  the  conclusion  that  is 
deduced  from  thcni.    See  note  50  6f  the  Essay  on  Respiration. 

I  I  m^y  observe,  that  upon  either  hypothesis  concerning  the 
mode  in  which  the  oxygen  unites  with  the  carbon,  the  water  was 
ecjually  supposed  to  be  generated  by  the  union  of  oxygen  and 
iiydrogen,  although  they  difier  in  the  one  being  a  rapid  umon 
effected  in  the  lun^^s,  the  other  u  more  idow  procei^s  carried  on 
during  the  course  of  the  eirculatiou-  ^  .    it^_ 
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On  the  red  Ghhuies. 


the  0X5'gen  attracted.  Of  the  two  substances  into  which 
the  blood  separates  by  its  spontaneous  coagulation, 
the  crassamentum  and  the  serum,  the  latter  appears 
to  be  similar,  in  its  chemical  relations,  to  many  other 
parts  of  the  body,  and  lias  not  been  found  to  possess 
any  specific  or  peculiar  chemical  properties/  whereas 
the  former,  when  employed  separately,  has  the  power 
of  acting  upon  the  air  in  tbe  same  manner  with  the 
entire  mass  of  blood.  Hence  therefore  we  infer  that 
the  crassamentum  is  tlie  great  agent  in  bringing 
about  the  change  which  is  effected  by  respiration. 
The  crassamentum  itself  is,  however,  comjiosed  of 
fibrinc  and  red  particles,  and  as  the  former  of  these 
has  precisely  the  same  chemical  properties  with  the 
muscular  fibre,  which  does  not  appear  to  possess  any 
relations  peculiar  to  itself,  mc  naturally  regard  the 
red  globules  as  that  part  of  the  crassamentmn  on 
which  the  air  more  particularly  acts*^  Their  organ- 
ization is  peculiar  to  themselves,  they  are  the  only 
part  of  the  blood  which  is  known  to  possess  any 
specific  chemical  characters  ;  we  have  reason  to  sup- 
pose that  they  are  easily  decomposed,  and  are  more 
readily  acted  upon  than   cither   the  serum  or   the 

*  Jicrzt'lius  obsi^rvcsi  timt  "  serum  absorbs  very  little  oxygen;** 
Med,  Chir,  Tr  v.  iii.  p.  232. 

•  Young'a  Medical  Literature,  p,  503.  The  carious  diacovei^' 
of  Messrs,  Dumas  nnd  Prcvost,  that  the  temperature  of  on 
nnifunl  is  in  exact  proportion  to  the  cjuantity  of  red  globales 
uliich  exist  in  its  bloody  mvky  aftbrd  an  indirect  proof  of  this 
opinion  5  Ann.  Chlm.  et  Phys»  t,  xxiii.  p*  64.  et  seq.  8cc  iilfo 
Dr.  Prout,  Ann.  Phil,  v,  xiU.  p,  270* 


I?  the  red  Ghbuks^ 


ftbrine,  and  it  is  principally  by  their  change  of  colour 
that  we  are  cuahled  to  form  our  judgment  respecting 
the  action  of  the  air  upon  the  blood*  The  nature  of 
this  action  is,  however,  obscure,  and  we  know  nothing 
more  than  that  they  appear  to  have  a  strong  attraction 
for  oxygen,  for  although  it  has  been  shown  that  they 
contain  a  small  quantity  of  iron,  there  appears  no 
foundation  for  the  opinion,  which  at  one  time  pre- 
vailed, that  the  iron  is  the  part  by  which  the  oxygen 
is  attracted.^ 

Some  other  circumstances  have  been  pointed  out, 
in  wliich  arterial  differs  from  venous  blood  ;  it  has 
been  stated,  for  example,  that  it  contains  less  water 
and  crassamentum*  But  even,  if  we  admit  the  facts, 
which  are  perhaps  not  very  completely  established, 
this  difference  might  be  attributed  rather  to  the 
effects  of  secretion  and  transudation,  than  to  what  is 
to  be  regarded  as  the  proper  action  of  the  lungs. 
The  consideration  of  these  differences  between  the 
two  states   of  the  blood  will  therefore  be  better 

^  Tlie  opinion  that  the  Iron  in  the  blood  i&  the  constituent  on 
wliicih  the  air  more  specifically  acts,  wiu  generally  adopted  by 
ihe  physiologists  of  the  last  century,  see  Hiiller,  Eh  Phys.  vL 
3.  18.;  and  at  one  time  appeared  to  be  proved  by  the  cxperi- 
fnents  of  Fourcroy  and  Vauquelin,  who  pointed  out  the  state  of 
combination  in  which  It  exi:?t8,  and  the  nature  of  the  change 
which  was  effected  upon  It  by  the  air ;  Fourcroy *s  System  by 
Kicholfioo,  V.  ix,  p.  507*.0;  but  notwithstanding  the  high  an- 
thority  of  these  chemUts,  there  appears  to  have  been  sonic 
inacctirac}'  In  their  statement.  See  the  expenracnts  and  reason- 
ing of  Wells,  Phil.  Trans,  ^m  1797»  p-  lr27*  et  set].;  also  my 
remarks  on  the  iron  in  the  blood  Iei  voJ.  u  p.  160.  ct  seq^ 
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RecfipHnfatiofh 


under.Htood,  wlioB  we  have  considered  the  nature  of 
the  secretions,  as  well  as  of  the  substance  from  whicli 
the  blood  itself  is  produced,  and  have  compared,  as 
far  as  is  in  our  power,  tbc  cheniical  relation  which 
these  bodies  bear  to  each  other.  I  shall  conclude  this 
section  by  rccapitulatiTig  tlie  changes  wliicln  accord- 
ing to  the  present  state  of  oin*  knowledge,  the  blood 
appears  to  undergo  by  respiration,  after  premiRing 
that  our  information  upon  this  subject  is  still  in  a 
very  imperfect  state,  and  that,  in  most  cases,  we 
arrive  at  our  conclusions,  rather  by  indirect  inferences, 
than  by  any  direct  experiments  that  can  be  mai 
upon  the  blood  itself 

1.  The  blood,  when  it  leaves  tlie  right  side  of  the 
het^ip  is  of  a  purple  colour ;  during  its  passage 
through  the  lungs  it  is  converted  into  a  bright  scarlet, 
and  again  acquires  the  purple  colour  when  it  arrives 
at  tlie  venous  part  of  the  circulation.  2.  This 
change  from  pur^dc  to  scarlet  is  effected  by  the 
oxygen  of  the  atmospheric  air,  which  is  received  into 
the  vesicles  of  tlie  lungs,  3.  The  same  change  of 
colour  may  he  in-oduced  upon  the  crassamentum  of 
the  blood  out  of  the  vessels  by  exposing  it  to  atmo- 
spheric air,  or  still  more  to  oxygen,  while,  on  the 
contrary,  scarlet  blood  is  rendered  purple  by  exposure 
to  hydrogen,  nitrogen,  or  carbonic  add<  4.  The 
Wood,  in  passing  through  the  hings,  discharges  a 
quantity  of  carbon,  whicli  is  expired  in  couibinati' 
with  oxygen,  under  the  form  of  carbonic  acid 
5.  A  quantity  of  aqueous  vapour  is  discharged  front 
the  lungs,  but  this  is  rather  to  be  considered  us  thi 


^ 


^  Respir/HioH  of  Gases, 

result  of  secretion  or  transudation,  timn  as  a  proper 
effect  of  respiration.  6.  The  blood,  in  passing 
through  the  lungs,  absorbs  a  portion  of  oxygen,  and 
this  appears  to  be  more  than  what  is  necessary  for 
the  formation  of  the  ciu^bouic  acid  wliieli  is  dis- 
charged. 7.  It  is  probable  that  the  blood,  as  it  passes 
through  the  lungs,  both  absorbs  and  exliales  nitrogen, 
the  proportion  which  these  operations  bear  to  each 
other  being  very  variable,  arid  depending  upon  certain 
states  of  the  s)'stem,  or  upon  the  operation  of  extenial 
agents.  8,  It  appears,  upon  the  whole^  probable, 
that  the  atmospheric  air  is  absorbed  by  tlic  blood  in 
its  whole  substance,  and  that  certain  proportions  of 
each  of  its  ingredients  arc  discharged  or  retained 
according  to  the  demands  of  the  system,  9*  We 
have  no  proof  that  hydrogen  is  discharged  from  the 
blootl^ 

^  5.    On  the  Respiration  of  tke  different  Gases. 

It  may  be  iiresumed  that  no  gaseous  body,  except 
the  compound  of  oxygen  and  nitrogen  which  consti- 
tutes the  atmosphere,  is  adapted  to  the  permanent 
support  of  life.  Of  the  other  gases,  there  are  some 
which  are  properly  speaking  uurcspirable,  which,  on 
account  of  the  irritation  they  produce  in  the  upper 
part  of  the  trachea,  it  is  impossible  to  take  into  the 
lungs ;  but  there  are  others,  which  may  be  received 

7  I  baie  not  entered  upon  the  question  respecting  the  cbange 

of  its  capacity  for  heat,  whicli  the  blood  has  been  supposed  to 
experience  in  its  passage  through  the  lung^,  because  it  will  full 
under  our  notice,  with  more  propriety,  in  the  next  chapter. 
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into  the  pulmonary  cavities,  although  their  employ- 
ment is  followed  sooner  or  later  by  some  derange- 
ment of  the  system,  or  even  by  the  extinction  of  life. 
The  gases  upon  which  experiments  of  this  kind  have 
Jbeen  made  are  oxygen,  nitrous  oxide,  nitrogen,  hy- 
drogen, and  carburetted  hydrogen. 

The  first  account  which  we  have  of  the  eflFect  of 
oxygen,  when  respired  in  its  unmixed  state,  is  given 
us  by  Priestley,  who  almost  immediately  upon  his 
discovery  of  this  substance,  perceived  its  remarkable 
capacity  of  supporting  life,  and  tried  the  effect  of  it 
i^n  his  own  person :  he  informs  us  that  he  felt  aa 
agreeable  lightness  in  his  chest ;  ^  but  nothing  partis 
cular  appears  to  have  resulted  from  the  trial,  ^nd  it; 
jnay  be  fairly   questioned,    whether   the   sensation, 
which  he  described  is  not  to  be  attributed  rather  to 
a  mental,  than  to  a  physical  impression.     Some  indi- 
viduals who  respired  oxygen,  conceived  that  it  evca 
produced  exhilarating  effects,  while  others  describe  it 
as  giving  rise  to  pain  and  uneasiness  in  the  thorax. 
JBut  it  can  scarcely  be  doubted,  that  much  of  what 
was  described  depended  upon  the  imagination^  while 
something  was  probably  owing  to  the  impurity  of  the 
^as  that  was   employed,  or  to  the  unusual  efforts 
which  were  made  to  take  it  into  the  lungs.     Priestley 
was  also  the  first  who  tried  the  effect  of  the  respira- 
tion of  oxygen  upon  animals  that  were  immersed  in 
it;  but  his   experiments  went  no  farther  than  to 
prove  the  superior  power  which  it  possesses  of  sup- 

«  On  Air,  v.  ii.  p.  162. 
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porting  life.  He  remarks  indeed  that  after  an 
animal  had]cxpired  in  a  portion  of  oxygen,  a  second 
animal  was  able  to  live  for  some  time  in  the  same 
air,  and  it  has  been  inferred  from  this  circumstance, 
that  there  must  have  been  something  noKious  in  the 
j^Sy  which  the  powers  of  the  constitution  were  unable 
to  resist  for  more  than  a  certain  length  of  time. 
He  himself  supposed  that  the  death  of  the  mice,  the 
animals  which  he  employed  in  his  experiments,  was 
omog  to  cold,  in  consequence  of  passing  through  the 
water  with  which  the  gas  was  confined ;  he  accord- 
ingly found  that  by  keeping  up  the  temperature,  he 
was  able  considerably  to  prolong  the  life  of  the 
animal,  and  he  remarks,  that  this  experiment  com- 
pletely convinced  him  that  there  was  nothing  in  the 
nature  of  the  gas  itself  which  prevented  the  mice 
from  living  in  it.'^  But  another  and  a  more  effica- 
cious cause  may  be  assigned  for  the  death  of  the 
first  animal,  that  the  carbonic  acid  which  was  gene- 
rated, and  of  which  a  small  portion  only  would  be 
absorbed  by  the  water,  must  have  acted  more  power- 
fiilly  uiK)n  the  system  exhausted  by  having  been  for 
some  time  exposed  to  its  influence,  than  upon  a  fresh 
and  vigorous  animal,  who  would  be  able  for  a  short 
period  to  bear  the  effect  with  impunity.  Exactly  the 
jsame  occiu'rence  has  been  observed  by  Morozzo  and 
others '  to  take  place  in  the  respiration  of  a  limited 

9  On  Air,  ¥•  ii.  p*  165. 

»  Jurine,  Enc*  Metli.  "  Metlccine/'  1 1  p.  4-96 ;  ChaptaP* 
Chem.  V.  i.  p.  131,  2 ;  the  expertments  of  Morozzo  on  thri  sub- 
ject appear  to  have  been  made  \%'hh  sufKcient  accuracy ;  Joum* 
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quantity  of  atniospheriL' air,  and,  on  the  oontrary,  it 
hm  been  found  by  Lavoisier  and  other?,  that  when 
the  carbonic  acid  was  removed  by  potash,  as  fast  ai 
it  was  produced,  this  effect  did  not  take  place*' 

The  next  account  that  we  have  of  the  respiration 
of  oxygen  is  by  Lavoisier.  In  Iiis  first  expcrimenti 
on  this  fiuhject  he  examinal  the  state  of  the  iutenial 
organs  of  an  animal,  after  having  been  for  some  time 
confined  in  this  gas,  and  he  conceived  that  their 
ppearancc  indicated  that  there  had  Iiocn  an  increased 
action  of  tlie  sanguiferous  system  produced*  or  some* 
thing  which  indicated  an  approach  to  the  inflamma? 
tory  state,'  We  may,  however,  presume  that  these 
appearances  must  have  been  the  consequence  of  s<Mnc 
accidental   cause,  for   the  same  philosopher,  in  Iiii 


de  Pbys.  t.  xxv.  p.  102.  €t  &eq. ;  m  oiie  sel  of  experimenU  % 
bird  lived  six  hours  and  a  half  in  a  ccrlain  quantity  of  pxygen| 
and  a  second  lived  two  hours  and  five  tpinutef  in  the  same  gas; 
in  another  set  of  experiraentSt  the  first  lived  five  hours  and 
twenty-three  minutes,  and  othera  lived  in  succession  in  the 
•imo  gfts,  M  6r  as  the  tenth,  which  lived  tirenty-one  rotnutei  In 
the  same  air  ili^i  had  proved  fatal  to  the  tiJQe  bird«  ihat  had 
been  previously  inmier2>ed  in  it. 

'  We  are  informed  by  Dr.  Edwards,  contrary  perhaps  tq  the 
opinion  which  i§  generally  adopted,  that  when  warm-blooded 
animals  are  confined  in  a  limited  quantity  of  air,  they  alwayi 
deoxidate  it  to  the  same  degree^  and  that  a  second  animal 
tutroductd  into  the  tame  air  expires  immediately;  Pe  rinfiueii^ 
*SfC.  p*  ISh  But  although  the  air  is  ultimately  all  reduced  to 
the  same  standard,  the  etfcct  i»  produced  in  very  different  inUr- 
vali  of  time,  dept^nding  upon  various  drcumstftnoes  conntcted 
mitJk  ibf  constiiutioQ  of  the  individuait* 

»  Mtm.  Sac.  lioy.  M(sd.  pqar  17&2,  3i  pt  A7*. 
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subseqtient  experiments,  which  werp  perforajed  wth 
a  more  perfect  apparatus,  and  witli  every  appearanpe 
of  great  accuracy,  and  where  the  respiration  was  co^frt 
tmued  for  a  much  greater  length  of  time,   informs  us 
that   neither  the   circulation   nor   the    temperature 
were  affbcted  by  it,  and  in  short  tJiat  np  perceptible  < 
chacge  was  produced  by  it  iipou  tlie  animal.^     Thi^ 
coneli^ion  is  the  more  worthy  of  our  attention  and 
the  more  to  be  confided  io,  as  it  not  only  indic^teei 
a  change  in  Lavoieier'a  opinion »  but  is  uufavouraible 
to  the  analogy  which  he  wishetl  to  establish,  betweea* 
the  eflffectfi  of  respiration  and  conibuj^tion. 

We  have  some  experiments  on  the  respiration  of 
oxygen  by  Higgins;  he  informs  us  that  the  pulse 
\fM  quickened,  and  that  a  sensation  of  warmth  was 
<2Xpcrieuccd  at  the  chest ;  *  but  it  may  be  reasonably 
inferred  that  theisc  eifects  were  as  much  owing  to  the 
inechaniail  method  in  which  the  gas  was  inspired,  as 
to  any  specific  operation  produced  by  the  nature  of 
the  gas.  M.  Dumas  relates  a  series  of  exiierimeutJi,. 
wlfich  h^  performed  on  this  subject,  that  wei^  at* 
tended  with  very  different  effects.  He  had  formed 
an  opiniou  that  the  lungs  jiossessed  a  great  degree  of 
irritebility,  and  in  order  to  put  it  to  the  test,  entered 
upon  the  investigation,  expecting  that  the  irritability 
would  be  rendered  more  peculiaily  obvious  by  the 
action  of  oxygen  upoi|  them,  A  dog  was  accordingly 
coutined  in  this  gas«  and  the  apparatus  was  so  eon 

3  M^ni*  Acatl.  Scienc.  pour  17S9t  p.  573. 

4  Minutes  of  a  Society  &c.  p.  1  M%  .  6,  p.  152. 
!  r    "^ 
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trived  that  the  air,  as  it  hecame  vitiated,  inight  be 
withdrawn,  and  a  fresh  portion  substituted  in  its 
place ;  the  process  lasted  for  ten  hours,  and  was 
resumed  after  a  certain  interval,  and  again  resumed 
for  the  same  length  of  time  for  several  successive 
days.  The  animal  now  began  to  he  much  affected, 
and  various  symptoms  of  disease  connected  with  the 
ehest  became  manifest,  and  upon  examining  the 
part  after  death,  the  lungs  were  found  considerably 
affected  and  even  ulcerated,  so  as  to  exhibit  the 
symptoms  of  incipient  phthisis.* 

The  next  account  that  we  have  of  the  effects  of 
the  respiration  of  oxygen  is  by  Beddoes;  he  per- 
formed a  series  of  experiments  upon  rabbits^  in  which 
the  attention  was  particularly  directed  to  the  state 
of  the  internal  organs.  He  had  formed  a  previous 
hypothesis,  that  by  the  long  continued  respiration  of 
pure  oxygen,  a  greater  qnantity  of  it  was  absorbed 
by  the  blood,  than  under  ordinary  circumstances, 
and  that  the  whole  system  was,  in  this  way,  capable 
of  becoming*  as  he  terms  it,  oxygenated.  The  ap- 
pearances which  he  found  in  the  animal  after  death, 
were  accordingly  such  as  seemed  very  strongly  to 
ooniinn  the  hypothesis ;  the  lungs  were  florid,  the 

s  Physiol*  t.  ill.  p.  5%  et  seq. ;  the  ex  p  crime  tits,  as  the  authdr 
infomii  UB|  were  made  in  the  year  1791.  KIcheraDd  Vi\%o  layt, 
p.  211,  that  an  animal,  if  long  itBinersed  in  oxygeo,  Ime  ita  dr* 
ctihitjon  quickened,  the  respiration  rendered  more  frequentt 
with  marks  of  general  excitement.  Yet,  it  is  remarkable,  he 
informs  us,  that  notwithstanding  thej^e  e^Tects,  an  animal  con- 
fined in  oxygen  consumes  no  more  of  it  than  when  in  auno* 
•pherlc  air ;  ibid* 


T 


Hxperiments  of  Beddoes. 


U§ 


pleura  exhibited  marks  of  inflammatory  action,  the 
heart  retained  its  irritability  longer  than  usmA  ;  the 
blood  eoagulated  more  rapidly,  and  indeed  the 
system  was  so  completely  saturated  ^vith  oxygen,  that 
the  animals  were  less  easily  destroyed  by  immersion 
in  hydrogen  gas  or  even  in  water.*^  These  results 
ire  in  themselves  very  remarkable,  and  must  appear 
|.the  more  so  when  contrasted  with  the  opposite  state- 
lents  of  Lavoisier;'  and  it  is  to  be  further  home  in 

^  On  Faclilious  Airs,  part  1.  p.  13.  et  seq. ;  p.  H8. 
7  Beddoes  quotes  the  autharity  of  Lavoisier  and  Priestley  in 
r&vour  of  his  opinion  ;  on  Fact.  Airs,  part  L  p.  15;  and  Obser- 
}^fBtion8  on  Calculus,  &C*  p»136-.8.     We  have  already  seen 
^%hat  is  the  case  wiihTespect  to  Lavoisier ;  as  to  Priestl€y»  the 
only  passage  in  his  works  that  1  conceive  can  be  brought  for^ 
^ wards  in  this  connexion^  is  one  in  which  it  is  stated,  as  a  mere 
conjecture^  that  "  as  a  candle  burns  out  htiuch  faster  in  dephlo« 
'  gisticated  than  in  common  air,  so  we  might,  as  it  may  be  said, 
I  live  too  fast^  and  the  aniinal  powers  be  too  soon  exhausted  in 
Ihia  pure  kindof  air«"     On  Air,  t>  ii.  p.  16S;  but  this,  although 
A  plausible  conjecture  at  the  time  when  it  was  formed,  can  have 
no  weight  against  the  direct  experiments  that  have  been  iince 
made  by  Lavoisier  and  otliers.     The  results  which  he  obtained 
^and  his  opinions  upon  them  were  so  explicit^  that  it  is  surprising 
iDr.  Beddoes should  have  ventured  to  adduce  them  in  support  of 
j  hh  doctrine  of  the  oxygenation  of  the  btood.    I  shall  quote  Lavoi- 
sier's remarks  at  some  length.     **  On  sait  que  la  combustion, 
^ttnites  choses  cgales  d^aillcurs,   est  d'autant  plus  rapide,  que 
fYmr  dans  lequel  s'opi*re,  est  plus  pun     Ainsi,  par  example,  il  se 
>  cooaomnie  dans  un  temps  donne  beaucoup  plus  de  churbon  ou 
de  tout  autre  combustible^  dans  I'air  vital^  que  dans  Tair  de 
I'atmosphere.     On  avoit  toujours  pense^  qu'il  en  etoit  de  memc 
de  la  respiration;  qu*ii  devoit  s'accelerer   dans   I'air  vital,  et 
qu*alori  11  devoit  se  degager  soit  dans  le  poumon^  soit  dans  1« 
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mindi  that  the  experimeiits  of  Beildoes  Were  con- 
tinued for  a  considerably  less  space  of  time  than 
those  of  Lavoisier,  and  likewise  that  he  expressly 
ilifotins  us,  that  notwithstanding  these  very  ginguiar 


Cd<m  ^  ^a  circylation,  une  plus  grande  quaatite  de  calaHque# 
Maift  TeKpcrience  a  detrult  toutes  ses  opinions  qui  n'etoieot 
fondles  qye  lur  Tanalogie.  Sort  que  les  animaux  rcspireat  dans 
Pair  vital  pur^  soit  qu'ils  respiretit  ce  meme  air,  melange  avec  uhe 
proportion  p]m  ou  moins  considerable  dc  gaz  azote^  la  qimntitc 
d'air  vital  qu'ils  cofismnmcnt,  est  toujours  la  meme,  a  de  tres- 
legeres  difterencei  press.  II  nous  est  arrive  plusieurs  foil,  da  tenir 
nn  coehoa  d*[nde  pemlabt  plysieutd  jours,  soil  dans  Vtat  vkal 
pur,  ftoit  clans  une  ftielange  de  quinre  parties  de  ga2  azote  el 
d'uoe  d'air  vital#  en  entreienant  constaninient  les  m^'mes  pro* 
portions;  i*animal  dans  les  deux  cas  est  demeure  dans  sou  I'tat 
naturol ;  sa  respiration  ei  sa  circulation  ne  paroissoieni  pas  sett' 
siblement*  ni  accelertes,  ni  retardces;  sa  chaleur  etoil  ^^gale, 
et  il  avoit  seulenient,  lorsque  la  proportion  de  gaz  asfote  derenoil 
irop  Ibrie^  un  peu  plus  de  disposition  a  rassoupissemenl.'' 
Mem.  Acad*  Scien.  poyr  17H9,  p.  573.  Beddoes*s  expcriroenti 
ou  ihe  respiration  of  ovygen  were  pertbrmed  for  the  parp#ae  of  , 
esiabliHhing  his  opinion,  tliat  the  morbid  state  of  the  lungs  in 
pUthUis  might  he  relieved  by  the  respiration  of  an  air  less  oxygc^ 
noted  than  that  of  tlie  atmojtphere.  It  !«  remarkable  that  an 
opinion  of  an  exactly  opposite  nature  was^  about  the  same  tirnri 
hroiched  in  iT&nce,  according  to  which  a  more  oxygenated  air 
vr ax  recommended  in  the^e  complaints,  upon  the  principle,  thai 
as  the  structure  of  the  lungs  was  injured,  they  woufd  require  a 
atinofp)K«ro  Iroro  nrhleh  they  might  more  readily  obtain  tHdf ' 
vrtion  oi'  oxygLu.  The  results  of  the  Dxperimentai 
to  the  reports  which  tre  have  of  ihetu,  appear  to  havt 
btea  equally  fiivonrable  to  each  hypotheaia ;  we  tmiy  fnirly  can* 
viufle  that  both  pkitis  would  be  equally  unavailing.  See  FttU^  i 
Croy,  Ana.  Chim.  t.  iv*  p.  83,  et  seqi  Jurine,  Enc.  Meth.  w»k 
•*  Mid^fie/'  tihf.BQQi  Chaplains  Chom.  v.  i^  p.  13B, 
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effects  which  were  produced  on  the  sjstem,  the 
oxygen  in  whiclt  the  aDimals  had  been  confined, 
"  seamed  to  have  suffered  little  diminution  either  in 
quantity  or  quality.'*^  I  think  that  it  will  not  be 
deemed  an  inicaiidid  or  nntair  conclusion  to  suppose 
that  he  was  misled  by  hh  preconceived  hypothesis, 
and  that  his  zeal  in  tlie  prosecution  of  a  favourite 
project,  caused  him  to  form  an  erroneous  estimate  of 
the  appearances  ^vhicli  presented  themselves  to  him, 
or  to  overlook  some  circumstances  which  wotdd  have 
aflfbrded  a  more  natural  explanation  of  them. 

Sir  H,  Davy  has  given  us  the  results  of  some 
experiments  on  the  respiration  of  oxygen,  and  he  is 
induced  to  infer  from  tliem  that  the  long  continued 
employment  of  this  gas  would  ultimately  destroy 
life;  but  the  grounds  on  which  he  formed  this  opinion 
are  not  very  explicitly  stated,  and  upon  examining 
the  nature  of  his  results,  it  would  appear  that  the 
iojury  done  to  the  system  could  not  arise  from  the 
excessive  absorption  of  oxygen,  beeause  both  when 
he  performed  the  experiment  upon  his  own  person 
and  upon  mice,  the  quantity  of  oxygen  consumed 
was  less  than  from  the  use  of  common  ah\^  Messrs. 
Allen  and  Pepys,  among  their  other  experiments, 
tried  the  effect  of  the  respiration  of  oxygen  ;  between 
3  and  4000  cubic  inches  of  the  gas  were  respired 
during  a  period  of  from  7  to  g  minutes,  and   the 

8  On  Fact  Airs,  part  i,  p^  IS* 

9  Heflearche9»  p.  439. .  4'44f*  We  may  preiume  thai  this 
remariwable  result  was  not  ihe  effect  of  iiiacciiracy  or  inadvert- 
ente,  because  he  expresses  his  «urpri*e  at  the  circumstance. 
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result  was  that  a  glow  of  heat  was  felt  over  tlie  body, 
attended  by  a  gentle  perspiratiou,  It  appeared  that 
during  the  respiration  of  oxygen,  more  carboolc  acid 
was  formed  than  under  ordinary  circumstances,  and 
also  that  a  portion  of  oxygen  was  consumed  more 
than  sufficient  for  the  production  of  the  carbonic 
acid,  while  it  appeared  that  a  corresponding  quantity 
of  nitrogen  was  disengaged  from  the  blood.  The  pro* 
portion  of  carbonic  acid  formed  during  the  respiration 
of  oxygen  appears  to  have  been  54201  ^6  cubic  inches, 
while  that  produced  under  ordinary  circumstances 
was  no  more  than  39534  cubic  inches.* 

I  am  not  aware  of  any  additional  information  that 
we  have  gained  on  the  respiration  of  oxygen,  since 
the  experiments  of  Messrs.  Allen  and  Pepys*  It 
appears  to  have  been  generally  taken  for  granted  by 
physiologists,  both  in  this  country  and  on  the  con- 
tinent, that  it  liad  a  tendency  to  increase  tlie  action 
of  the  heart  aud  arteries,  and  even  produce  an 
inflammatory  state  of  the  system ;  but  upon  review- 
ing the  whole  of  the  evidence,  I  confess  that  it  does 
not  appear  to  me  sufficient  to  w^arrant  the  conclu- 
sion/-    With  respect  to  the  earlier  experiments,  it 

'  Phil.  Trans,  for  IBOS,  p.  265,  and  p.  277;  aiul  rorI809,p.-H,i. 
et  »eq,  and  p.  ■1-27*  They  found  the  diminution  io  tlic  volunne  of 
the  air  to  be  greater  than  from  the  respiration  of  atmospheric 
air;  in  the  latter  case  they  assume  the  average  diminution  to  be 
about  I-IG61I1,  whereas  in  the  respiratioo  of  oxygen  the  dirainu* 
tton  in  one  case  was  l-4il!u     Phil*  Trans,  for  1808,  p,  277. 

*  M,  MageDdie»  whose  opinion  may  be  justly  esteemed  as  a 
specimen  of  what  is  regarded  as  of  the  liighest  authority  in 
Francej  remarks  upon  thia  suhject.t  thai  pure  oxygen  is  fatal  to 
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Dtay  be  £drly  conjectffred  that  the  gas  f ipon  tvhidi 
lilief  apefated  was  not  pure,  from  the  mode  in  which 
it  Was  procured;^  and  the  experiments  of  Messrs. 
Alkn  and  Pepys,  which,  in  this  respect  are  unexcep- 
tionaUe,  labour  under  the  disadvantage,  which  has 
been  ahready  pointed  out,  that  the  respiration  was 
not  performed  in  the  natural  mode,  as  was  the  case^ 
in  those  of  Lavoisier,  where  the  contrary  result  was 
obtained. 

Of  the  gases,  which  although  not  capable  of  Slip- 
porting  life  are  still  respirable,  the  one  which  is  the 
Iciast  injurious  to  the  system  appears  to  be  nitrous 
oxide.  Priestley,  who  discovered  it,  supposed  it  to 
be  highly  noxious  to  animals,^  and  the  associated 
Dutch  chemists,  who  afterwards  examined  its  pro- 
perties, coincided  with  him  in  this  opinion.^  Sir 
H.  Davy,  however,  found  that  this  gas  may  be  re« 
sfHred  for  a  short  interval  without  proving  fetal,^ 
and,  at  the  same  time,  made  the  curious  discovery 
that  the  employment  of  it  produces  a  powerful  excite- 
ment of  the  nervous  system,  in  many  respects  re- 
life,  and  even  when  mixed  in  different  proportion  from  that  In 
which  it  exists  in  the  atmosphere,  that  it  sooner  or  later  causes 
the  death  of  tlie  animals  that  are  confined  in  it ;  Physiol,  t.  ii. 
p.  295.  As  he  refers  to  no  particular  authorities,  we  may  regard 
this  as  the  current  doctrine  among  his  countrymen.  Dr.  Prout 
also  supports  the  same  doctrine,  Ann.  Phil.  v.  xiii.  p.  266,  but 
widiout  stating  the  grounds  of  his  opinion. 

*  We  have  some  useful  observations  on  this  point  in  Cavallo 
cm  Factitious  Airs,  c.  9* 

i  On  Air,  v.  ii.  p.  55.  ^  Journ.  Phys.  t«  xUii.  p.  S29, 332. 

7  Researches,  p.  333, .  360,  p.  425.  et  seq. 
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eeraWitrg  that  from  alcohol,  but  differing  from  it  in 
its  fiot  being  Bticceeded  by  a  state  of  exhaiution.* 
In  addition  to  liifi  own  experience,  we  have  a  number 
t>f  very  interesting  details  of  its  effects  w^on  other 
individuals ;  ^  and  the  experiment  has  been  now  so 
fTet]Ucntly  repeated,  that  although  in  certain  consti- 
tutions the  peculiar  excitement  cannot  be  perceived, 
and,  in  some  instances,  there  seems  to  be  even  % 
sedative  effect  produced/  yet  no  doubt  can  remain 
i»f  the  general  truth  of  the  fact.  Sir  H.  Davy  has 
rendered  it  probable,  that  nitrous  oxide,  when  it  is 
taken  into  the  lungsi,  is  absorbed  by  the  blood;  he 
conceives  also  that  it  is  decomposed  by  it,  an  opinion, 
however,  which  is  scarcely  sanctioned  by  the  experi- 
ments. 

Hydrogen  has  been  frequently  respired,^  and  the 

*  Researches*  p.  466.  et  «eq.  «  ibid,  p*  497.  ct  se^- 

■  Tiieaard,  Chem,  t*  lii.  p.  GJ^^  5*  gives  an  account  of  iu 
eflVcte  upon  M.  Vauquolin.  I  may  add  thai  I  experienced  the 
same  feelings  in  my  own  person ;  the  first  inspirMiion  of  the 
oxide  produced  a  sensation  like  that  of  fainting,  which  quickly 
proceeded  to  inaen^ihility.  Sir  H.  Davy  informs  us  that  the 
appearances  ithich  were  exhibited  by  the  lungs  of  at)ima1s  that 
had  expired  in  nitrous  onide  weresimilMr  to  what  Ucddoes  had 
fbund  in  the  lungs  of  animals  that  had  been  con6ued  for  some 
thtie  in  oxygeHf  Reseai^hes,  p.  S5(i,  a  circumstance  which,  I 
eoncelrei  affonls  a  pretty  ttrong  presumption  thai  tlie  oxygeft 
employed  was  tiol  pure;  this  may  perhaps  assists  us  ia  explaining 
the  extraordinary  effects  which  were  supposed  to  be  produced  by 
bremhtiig  this  gm, 

^  Scheele,  on  Air  and  Fire,  p.  160;  Fontana,  in  Pbil*  Tnmi. 
far  1779,  p.  337  ;  and  Jourii*  Phys.  U  \j.  p.  99.  el  scq. ;  Pilalre 
de  Hozier.  Journ.  T*liys,  t.  xxfiii.  p,  iS5. 
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general  coBclusion  which  we  are  led  to  form  is  that 
it  possesses  no  positively  noxious  effects,  and  only 
•cts  by  excluding  oxygen,  a  conclusion  which  appears 
ftet^essarily  to  follow  from  tlie  experiments  of  Lavoi- 
«er,^  8ir  H.  J)ayy/  and  Messrs.  Allen  and  Pepyfi.^ 
A  contrary  opinion  has  indeed  been  maintained  by 
Priestle),''  and  some  other  cheraists ;  but  it  mny  he 
presilnied  that  the  gases  upon  which  they  operated 
Were  not  sufficiently  pure*  as  their  experiments  were 
performed  in  the  earlier  periods  of  the  pneumatic 
chemistry,  and  we  learn  from  Sir  H.  Davy,^  that  a 
ignsiderahle  difference  of  effect  is  produced  according 
to  the  method  in  which  the  gas  is  procured. 

Pure  nitrogen,  like  hydrogen,  appears  to  act  merely 
by  the  exclusion  of  oxygen,  an  opinion  which  might 
naturally  be  formed  respecting  a  substance  that  enters 
go  largely  into  the  composition  of  the  atmosphere, 
for  it  w^oidd  seem  scarcely  possible  tliat  any  thing 
which  had  a  positively  noxious  influence  should  be  at 
all  times  received  into  the  lungs  in  such  large  qnan* 
tity*  Higgins  indeed  states  that  animals  die  sooner 
from  immersion  in  nitrogen  than  from  mere  interrup- 
tion to  respiration,''  but  he  does  not  inform  us  upon 
nhsLt  facts  tbis  opinion  was  founded.  Sir  H.  Vary 
hIko  appears  to  have  experienced  a  greater  sense  of 

5  Mem.  Acad*  Scien.  pour  1739,  p.  574-^ 
4  Researches,  p.  4^65$  6* 

i  Phil.  Trans,  for   1809,   p-  421,427;  sec  also  BcdJoes  on 
i^act.  Airs,  part  i.  p,  30*  et  mq.  42. 

<*  On  Air,  v,  L  p.  229.  '  Loco  citat 

^  Minutes  of  u  Society,  p.  153. 
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suffocation  from  respiring  nitrogen  than  hydrc^n, 
but  the  gas  which  he  employed  contained  a  portion 
of  carbonic  acid/^  and  he  expressly  states  that  immer- 
sion in  nitrogen  or  hydrogen  proves  fatal  merely  by 
the  exclusion  of  oxygen,  in  the  same  manner  with 
submersion  in  water/  And  this  view  of  the  subject, 
if  it  stood  in  need  of  farther  support,  would  appear  to 
be  confiiTued  by  the  view  which  we  have  taken  of  the 
action  of  the  air  upon  the  blood,  an  essential  part  of 
which  consists  in  the  absorption  of  nitrogen. 

The  only  remaining  gas  which  is  capable  of  being 
received  into  the  lungs  is  carburet  ted  hydrogen.  If 
it  be  respired  in  an  undiluted  state  it  seems  to  act  as 
a  direct  sedative,  producing  instant  death;  and  if 
it  be  employed  in  small  proportion  only,  diffused 
through  atmospheric  air,  it  induces  vertigo,  loss  of 
perception,  and  other  symptoms  which  indicate  the 
extinction  of  the  vital  powers/'  ft  acts  more  rapitUy 
than  those  gases  which  merely  exclude  oxygen,  or 
than  the  mechanical  causes  which  prevent  the  admis- 
sion of  this  gas  into  the  lungs ;  and  it  must  therefore 
be  considered  as  possessing  a  directly  injurious  effect 
upon  the  animal  agronomy.  Physiologists  are  not 
agreed  respecting  the  mode  in  which  this  gas  operates; 
the  opinion  at  one  time  prevalent^  tliat  it  acts  chemi- 
cally by  abstracting  oxygen  from  the  blood,  seems  to 
be  supported  only  by  a  kind  of  loose  analogy,  and  it 
ig,  upon  the  whole,  more  probable,  that  it  operates 
immediately  upon    the  vital  powers  of  the  sy6tein» 

9  Re»earche»>  p.  466.      «  Ibid.  p.  335.       » Ibid,  p.  467-  el  ieq. 
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destroying  either  the  contractility  of  the  muscles  or 
the  sensibility  of  the  nerves,  or  perhaps  both  of  them, 
by  a  direct  agency. 

All  the  remaining  gases  are  strictly  uorespirable ; 
it  is  obvious  that  this  must  be  the  case  A\ith  the 
irritating  acid  and  alkaline  gases,  but  it  may  appear 
remarkable  that  this  should  be  the  case  with  carbonic 
acid ;  although  however  it  must  at  all  times  exist  in 
considerable  proportion  in  the  air  which  is  contained 
in  the  lungs,  we  learn  from  the  experiments  of  Pilatre 
de  Rozier^  and  Sir  H.  Davy*  that,  in  an  im diluted 
state,  it  cannot  be  taken  into  the  trachea,  even  by 
the  most  powerful  voluntary  ettbrts.  Sir  Hp  Davy 
found  that  air  was  still  unrespirable  when  it  contained 
three-iiflhs  of  its  volume  of  carbonic  acid,  but  that 
when  the  proportion  was  diminished  to  3  parts  in  10, 
it  might  be  received  into  the  lungs  ;  the  effect  which 
it  produced,  after  being  breathed  for  a  miimte,  was  a 
slight  giddiness  and  a  tendency  to  sleep;' 

M.  Dumas  has  given  us  a  detail  of  some  experi- 
ments which  he  performed  on  the  respiration  of  dogs 
in  carbonic  acid;  his  expression  would  lead  us  to 
conclude  that  he  employed  pure  carbonic  acid,  but 
this  coidd  not  be  the  case,  as  the  animals  lived  in 
the  air  for  a  considerable  length  of  time ;  after  death 
their  lungs  were  found  to  be  in  a  state  whicli  seemed 
to  have  been  produced  by  inflammation,  but  it  is  very 
difficult  to  draw  any  accurate  conclusion  from  the 
narrative,*^ 

3  Joum,  Pfiys.  t.  xxviii.  p.  422.  et  seq.        ♦  Hesearches,  p<  472, 
^  Researches,  p.  473*  ^  PhysioL  t.  Hi.  p,  62. 
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%  6.  I'he  rtmote  effects  of  Respiration  on  ike 
Living  System. 

Having  now  given  an  account  of  the  direct  efFtct^ 
of  respiration,  I  shall  next  proceed  to  consider  it 
remote  effects  upon  the  living  system. 

This  inquiry  must  be  eonsidered  as  in  fact  identical! 
with  an  investigation  into  the  uses  of  reffpiratioo, 
according  to  the  conception  which  we  are  led 
entertain  of  the  structure  and  powers  of  the  living 
body,  we  conceive  that  every  action  which  it  perfomn 
must  produce  some  useful  purpose  in  its  eecanomyil 
and  be  essential  to  the  existence  and  well-being 
the  whole.  But  although  no  object  to  which  thi 
Imnian  mind  can  be  directed  is  so  interesting  and 
delightftil  as  tracing  out  the  final  causes  of  thi 
phenomena  which  we  observe,  it  has  been  found  bj 
experience  that  it  is  not  the  most  appropriate  methc 
of  arriving  at  a  correct  knowledge  of  the  facts  the 
selves.  On  this  account  I  have  thouglit  it  mori 
desirable,  in  a  work  like  the  present,  to  ascertain,  in* 
the  first  instance,  as  far  as  the  present  state  of  our 
knowledge  will  admit  of  it,  the  exact  nature  of  th# 
operations  of  the  animal  economy,  and  either  alto- 
gether to  leave  the  application  to  be  made  by  the 
reader,  or  at  least  to  consider  this  only  as  a  secondary 
object  of  our  attention. 

The  remote  effects  of  respiration  will  naturally 
arrange  themselves  under  two  beads,  those  wbiclv^ 
more  immediately  affect  the  vital  functions,  and 
the  operation  af  which  is  more  of  a  mechanical 
naturct 
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Amoug  the  remote  effects  which  have  been  ascribed 
by  the  older  wTiters  to  the  function  of  respiration, 
there  are  some,  which  arc  so  obviously  founded  tipou 
incorrect  principles,  that  it  will  not  be  necessary  to 
enter  upon  the  examiuation  of  thcni,  or  to  do  more 
than  merely  to  allude  to  them,  as  ibroiing  a  part  of 
the  history  of  science.  The  following,  however,  are 
more  deserving  of  oiu'  attention,  either  as  being  sup. 
ported  by  direct  experiment,  or  as  having  received 
the  sanction  of  some  of  the  most  eminent  modem 
physiologists.  The  effect  of  respiration  in  producing 
heat,  in  iircserving  the  contractibility  of  the  muscles, 
in  preventing  the  decomposition  of  the  body,  in  pro* 
moting  the  process  of  sangiiilication,  in  the  formation 
of  the  voice  and  the  various  soimds  emitted  from  the 
larynx^  and  in  the  mechanical  operations  depending 
Upon  the  motion  of  the  thorax,  or  upon  its  connexion 
ivith  the  contiguous  visc^^ra." 

?  Soemmering  en uiiieratcfi  the  following  uses  of  respiration; 
Corp*  Hum.  Fab.  L  vL  §  72.  1.  To  promote  tlie  circufatjou  by 
%  mecbaiucal  action,  2.  to  mix  together  the  components  of  the 
^lood^  3.  ta  condense  the  blood  by  discharging  a  porlioo  of 
ttqu€0U9  vapour,  4**  to  promote  the  secretions  and  excretioas  by 
toreSi^ing  upon  the  viscera,  5*  to  assist  in  cliylification,  G.  ta 
enable  ns  to  exercise  the  sense  of  ^nicll,  7.  to  enable  the  infiuU 
lo  suck,  8.  to  enable  the  lungs  to  inhale,  9*  it  is  doubtful 
Vhethcr  the  body  acquires  electricity  by  respiration,  10.  by 
t^espiration  the  blood  is  puriBed  and  prevcoted  from  putrifying, 
^  Ip  it  maintains  the  temperature  of  the  body,  IQ,  assists  m  <;an- 
^uiBcatioUi  13.  is  necessary  for  the  voice  and  speech.  Probably 
ftOQic  of  the  above  uses  may  be  thought  very  problematical ;  but 
i  11  addition  to  them  we  have  the  various  indirect  mechanical 
^urfioses  which  h  served  by  the  respiration^  which  will  be  enu* 
liberated  hereaf^tcr. 


160         Maintains  the  coftlracliHlif  of  ike  Muscles, 

The  first  of  tliese  effects,  the  production  of  animal 
lieatj  on  accoimt  of  the  great  extent  of  the  inquhy 
into  which  it  must  necessarily  lead  us,  and  still  more, 
from  the  peculiar,  and  as  it  were,  specific  nature  of 
the  operation,  I  shall  consider  in  the  following 
chapter,  as  a  distinct  function.  In  all  wami-blooded 
animals,  where  an  iminterruptcd  continuance  of  the 
respiration  is  essential  to  life,  we  find  that  the  first 
cfibct  which  ensues  from  a  deficiency  of  the  supply  of 
unrespired  air,  is  the  cessation  of  the  contraction  of 
the  heart.  If  we  examine  the  heart  when  it  is  in 
this  state,  we  shall  find  that  its  capillary  arteries  arc 
filled  with  blood  which  exhibits  the  purj:)le  venous 
aspect,  and  by  observing  the  coincidence  between  the 
contractility  of  the  muscular  fibres  and  the  natiure  of 
the  blood  which  is  sent  to  their  minute  vessels,  wc 
ueem  to  be  warranted  in  tlie  conclusion,  that  a  regular 
supply  of  arterialized  blood  is  essential  to  the  support 
of  their  contractility,  and  that  the  deficiency  of  this 
species  of  blood  is  the  immediate  cause  of  the  change 
which  they  exjierienee  when  the  respiration  is 
impeded.  Goodwyn's  observations  and  experiments 
were  directed  to  this  object,  and  they  ftdly  substaU" 
tiate  his  hj^io thesis,  so  far  as  the  general  question  is 
concerned,  respecting  the  nature  of  ^'  the  connexiou 
of  Ufe  witli  respiration/  ^     But  the  mode  of  account- 

*  See  llie  5th  Sect-  of  his  Essay  ;  aUo  Young'a  Lcctureti  v*  I 
p*  799 ;  where  the  author  remarkij,  that  *'  the  muscles  are  fur- 
nidhed  by  the  blood  with  a  store  of  timt  unknown  principle,  bf 
which  they  (ire  rendered  capable  of  contracting/'  SpaUwutaoi 
gfMUft  further  and  states  that  tlic  oxygen  ivhich  the  blood  iibiorbff 
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ing  for  this  change  wiM  necessarily  depend  upon  the 
opinion  which  we  adopt  respecting  the  direct  effect 
of  respiration  npou  the  blood.  If  we  suppose  that 
this  tiinction  acts  merely  in  abstracting  a  portion  of 
carbon  from  it  during  its  passage  through  the  lungs, 
we  must  conclude  that  the  presence  of  this  super- 
abundant carbon  in  the  blood  prevents  it  from  pre- 
serving the  muscles  in  their  contractile  state,  or  if  we 
think  it  more  probable  that  the  oxygen  is  absorbed  in 
the  lungs,  we  may  conceive  that  the  want  of  con- 
tractility is  owing  to  the  combined  influence  of  the 
absence  of  the  ordinary  proportion  of  oxygen  and 
the  excess  of  that  of  carbon.  And  whichever  sup- 
position we  may  adopt,  it  is  very  possible  that  some 
other  change  may  have  taken  place  in  the  blood, 
either  in  its  chemical  or  its  mechanical  constitution, 
which  may  render  it  no  longer  fit  for  the  continuance 
of  its  appropriate  functions,  although  of  the  nature 
of  such  change  we  are  entirely  ignorant.  The  pro- 
duction of  animal  heat,  should  it  appear  that  this  is 
one  of  the  effects  of  respiration,  is  essentially  con- 
nected with  the  discharge  of  a  portion  of  carbon,  and 
it  will  thus  follow  that  these  two  processes  ultimately 
depend  upon  the  same  operaticm,  and  that  this  is  to 
be  resolved  into  a  change  in  the  chemical,  and  possibly 
also  a  consequent  change  in  the  mechanical  nature  of 
Ihe  blood. 

The  share  which  the  nenes  have  in  respiration,  or 

unites  with  the  muscular  fibres  of  tlic  heart  and  endows  it  witli 
its  contractility ;  Memoires,  p»  327;  but  his  hypothesis' is  de- 
ducetl  from  very  insufficient  premises. 
TOL,  II.  U 
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the  connexion  wiiich  subsists  between  the  nenpus 
system  and  the  luQg$»  has  long  been  a  sul^ject  of 
i:;0ntroversy»  and  has  given  rise  to  many  elaborate 
dissertations,  as  well  as  to  numerous  experiments. 
This  question  being  intimately  connected  with  the 
effects  that  result  from  dividing  the  jiar  vagum,  it 
may  be  proper  to  introduce  into  this  place  an  account 
of  the  facts  tliat  have  been  ascertaincdp  and  of  the 
opinions  which  have  been  formed  respecting  this 
operation. 

These  nerves/^  from  the  pecuHarity  in  their  ana^ 
tomical  relations,  have  been,  at  all  timeSi  an  object  of 
great  interest  to  physiologists.  The  other  cranial 
nerves  are  primarily  destined  to  the  organs  of  sense, 
or  to  some  of  their  appendages,  whereas  these  nemi 
are  carried  to  a  considerable  distance  from  the  hca4 

9  There  has  been  some  differeDce  among  anatomi$u  in  tfa^ 
iiomeDclature  which  they  have  employed  with  respect  to  thcie 
ncnres.  The  term  **  8lh  pair  **  is  considered  by  many  as  sytxh 
nimou8  with  "  par  vagura;"  Boyer,  Anat.  t.  lii,  p.  S30,  It 
while  plhers,  an  H  would  appear  wilh  more  accuracy,  regard  tht 
pif  vaguoi,  (or  as  they  have  been  named  by  the  French  phy^iulo* 
gist«,  the  pneumo'gastric  nerveii)  m  only  the  principal  braiidi  gf 
the  8th  pair.  See  the  synoptical  table  in  J.  Bell's  Anat.  v.  iy, 
p.  113,  4-  For  a  description  of  ihe  part  it  may  be  sufficieol  lo 
refer  to  Winslow'i  Anat.  8ect.  6*  104. .  H2  (he  ternii  Am 
nenri  tympathetid  medii);  J.  lleil'a  Anat*  v.  lii,  p,  ia^.,ft; 
Scemmenng,  Corp.  Hum,  fab.  t.  iv.  ^  259;  et  De  baa.  aaG«|ilh 
AQ  Lndwigt  U  u.  i  ^-Ir*  .6;  Biclmt,  Anat  des.  t.  iii.  art.  S^i% 
p.  209. .  222;  and  for  a  delineation  of  it  lo  Vicq,  d*Azyr,  ph  l7i 
}9i  lo  Soaoioicring*»  plate  af  the  baaa  of  the  brain^  for  if* 
gilgin  ;  C*  Ueir«  DiiM^ct.  pt.  1 ,  pL  S,  aud  to  liia  cngraviogi  oT 
the  nervefi  ph  *2  and  5, 
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and  arc  distributed  over  certain  yiscera  iii  the  thorax 
and  abdomen.  This  singular  destiuation  indicated 
something  peculiar  in  the  functions  of  the  parts  to 
which  they  aie  appropriated,  wliilc,  at  the  same  time, 
the  form  and  situation  of  the  nerves  rendered  them 
particularly  favourable  tor  investigating  the  uses 
ivhich  they  serve,  as  it  was  easy  to  deprive  the  organs 
of  the  n^nous  influence,  without  the  risk  of  injuring 
the  parts,  or  affecting  them  in  any  other  manner. 
We  accordingly  find  that  the  division  of  the  par 
vagum  is  among  the  oldest  of  the  physiological  ex- 
periments that  are  U|>on  record. 

In  consequence  of  the  connexion  which  these 
nerves  have  with  the  recurrents,  the  effects  of  their 
division  have  been  often  confounded  together,  and  it 
iwas  not  until  comparatively  of  late  years,  that  we 
were  aware  of  the  difference  between  their  functions, 
or  attempted  to  separate  them  from  each  other.  We 
now  know,  that  by  dividing  the  recurrent  nerves,  the 
action  of  the  glottis  is  deranged,  and  tlie  voice  de- 
stroyed or  materially  impaired,  and  this  was  supposed 
by  the  ancients  to  be  the  chief  effect  of  dividing  the 
par  vaguni.  It  was  found,  however,  that  other 
functions  were  injured,  particularly  the  circulation, 
Uie  respiration,  and  the  digestion,  and  that  death 
was,  sooner  or  later,  the  consequence  of  the  operation*^ 

^  We  shall  fine!  a  vt?ry  cmisiilerable  di?gree  of  frrt?gularfty  hi 
tlie  results  of  the  experiments  that  have  been  performed  on  the 
division  o£  llie  par  vagnm.  In  most  cases  the  death  of  the 
animal^  or  the  destruction  of  M>me  important  function,  bemg  the 
eviiietit  and  direct  consequence  of  the  operalion,  while,  in  some 
instances^   httle   more  appears  to  have  ensued  from  ft,  than 
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The  earlier  among  the  modem  phygiolc^ste  appear, 
£9r  the  most  part,  to  have  du^cted  their  attention  to 
the  effects  that  were  produced  upon  the-  heart,  and, 
for  a  long  time,  the  principal  subject,  of  discussion 
was  how  far  the  division  of  the  nerves  suspended  or 
destroyed  the  action  of  this  organ.  But  although 
many  experiments  were  performed,  and  their  effects  . 
described,  the  observations  were  not  made  with  that 
degree  of  accuracy,  which  can  enable  us  to  draw  any 
correct  deductions  from  them,  nor  indeed  were  the 
observers  themselves  aware  of  the  drcninstances 
which  it  was  necessary  to  attend  to,  in  order  to  attain 
a  full  insight  into  the  subject.^ 

what  might  be  referred  to  the  pain  and  irritation  produced  bjr 
the  operation.  These  anomalies  are  probably,  in  a  great 
measure,  to  be  .  referred  to  the  very  curious  discovery  of 
Dr.  Philip,  to  which  I  have  already  alluded,  v.  i.  p.  253,  that 
when  a  nerve  is  divided,  and  the  ends  remain  in  opposition,  or 
even  when  they  are  separated  from  each  other  by  a  small  interval 
only,  the  nervous  influence  continues  to  be  transmitted  along  it 
with  little  or  no  interruption. 

»  We  have  a  very  interesting  historical  detail  given  us  by 
Legallois  of  all  the  experiments  which  have  been  performed  oo 
theparvagum,  from  the  time  of  Rufus  (who  appears  to  hate 
been  the  first  anatomist,  who  tried  the  effect  of  dividing  or  com- 
pressing these  nerves)  to  the  date  of  his  own  publication  io 
1812.  I  have  thought  it  sufficient  to  notice  those  only  which 
were  made  for  the  purpose  of  estabh'shing  some  new  principle, 
or  which  lead  to  some  important  conclusion.  See  his  work  *'  Sar 
le  Principe  de  la  Vie/'  p.  ]64>  et  seq.  See  also  Mr.  Brougbton's 
sketch  of  these  experiments^  prefixed  to  his  paper  in  the  Quart. 
Joum.  V.  X.  p.  ^92.  We  have  also  a  list  of  the  authors,  with  re- 
ferences, in  M.  Bresqhet's  paper  in  *'  Archives  de  Mede^io^/' 
Aug.  1823. 
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ae  <rf  the  earliest  among  the  modems,  whose 
ideas  fespeeting  the  nervous  system  assumed  a  more 
matured  form,  was  Willis.  He  dinded  the  par 
ragtini^  in  order  to  obtain  a  test  of  the  truth  of  his 
|ioetniie»  that  the  involuntary  motions  of  the  body 
proceed  more  immediately  from  the  cx^rebelluni,  and 
baling  found,  in  conformity  with  his  preconceived 
Ifiiiiion^  that  the  circulation  was  considerably  affected, 
be  did  not  particularly  attend  to  the  effects  of  the 
operation  upon  the  other  organs.  * 
I  Haller's  experiments  led  him  to  suppose,  that  the 
ptomach  and  the  lungs  were  the  organs  that  were 
Here  immediately  affected  by  the  division  of  the 
^r  vagum,  but  he  has  not  explained  how  the  effect 
p  produced,  what  relation  the  parts  bear  to  each 
^her^  or  how  they  act  in  causing  the  death  of  the 
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"^  Cerebri  Anat.  cap*  24.  p*  127.  It  may  be  interesting  to 
lectte  the  names  of  the  physiologists  who  successively  occupied 
henselves  with  lh\&  inquiry^  for  the  purpose  of  showing  tlie 
freai  interest  which  wa^  attached  to  it«     The  following  iM  in 

ken  from  Legallois,  p.  170;  Chirac,  Bohn,  Duverney, 
Schrader»   Valsalva,    Morgagni,    Baglivj,   Courten, 

erger.  Ens,  Senac,  Heuermann,  Halter,  Brur^n,  and  Molinelli ; 
;  appeari  that,  in  these  cases,  the  circulation  was  the  function 
Iffi  was  more  particularly  attended  to»  and  that^  in  a  great 
Heasurei  with  reference  to  Willi&*s  hypothesis.  To  these  may 
^  added  Riolanus,  Plempius,  Lower,  and  Boyle,  who  preceded, 
Irwere  contemporary  with,  Wiliis;  Haller  refers  to  his  reia- 
be  Bruan,  as  having  performed  many  experiments  on  the  par 
ragum.  Haighton's  experiments  on  these  nerves  will  be  noticed 
pk  a  subsequeat  section. 
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animal/  With  respect  to  the  circulation,  it  seemed 
to  be  the  general  opinian,  that  the  derangement  pro- 
duced in  this  function  was  neither  so  considerable 
nor  so  uniform  as  it  should  hare  been,  had  the  heart 
been  the  part  primarily  aflPected.  And  with  respect 
to  the  stomach,  although  perhaps  no  organ  seemed  to 
sustain  more  injury,  yet  Ufe  was  destroyed  more 
rapidly  than  it  would  have  been,  had  the  digestion 
alone  been  the  function  that  was  suspended. 

The  lungs  were  therefore  concluded  to  be  the 
organ,  the  derangement  of  which  was  the  immediate 
eause  of  death,  an  opinion  that  seemed  to  bo  con- 
firmed by  some  experiments  of  Bichat*Sj^  and  now 
the  discussion  took  place  resijccting  the  mode  in  which 
the  division  of  the  par  vagum  could  act  upon  the 
lungs,  so  as  to  prevent  them  from  performing  their 
fimctions.  A  number  of  experiments  were  accord- 
ingly made  to  elucidate  this  point,  which,  in  conse- 
quence of  the  improved  state  of  physiological  science, 
and  of  the  greater  dexterity  and  precision  of  the 
ojieratoTs,  were  attended  with  results,  that  are  much 
more  interesting  and  satisfactory  than  those  of  the 
older  anatomists.  We  are  chiefly  indebted  to  the 
ingenuity  and  diligence  of  the  French  physiologisti 
for  the  information  which  we  possess  upon  this  topkv 

«L'«  iiallerd  expertmctiU  are  caritained  in  his  work  ^*  Sur  U 
Kitur«  sensible  ei  irritable  lies  parties  du  Corps  mniaial;" 
Ko<  ISj ,  1H2,  IHof  186,  188.  His  opinion  respettmf^  the  tiKt 
dt  the  operntton  is  slated  in  El.  Phjs.  iv.  5.  $. 

*  Sur  lu  Vie  &c,  p.  2.  Art.  10*  f  1,  p,  2*il»*a2*. 


^m 


tliperiminis  of  Legaltm* 


And  more  particularly  to  the  investigations  of  Dupuy- 
tren,  Dumas,  Blainvillc,  Proven9al»  and  Legallois  • 

The  points  that  were  more  particularly  attended  to 
were  to  aiscertain  what  is  the  exact  state  of  the  lungs^ 
whether  they  receive  the  air  as  usual  into  their 
cavities*  and  whether  the  san\e  chemic^il  change  was 
induced  upon  the  air  as  in  ordinary  respiration.  A 
|ireliminary  step  of  the  investigation,  the  importance 
df  which  seems  to  have  been  first  duly  appreciated  hy 
Legallois,  was  to  distinpiish  accurately  between  the 
effects  which  ensued  from  dividing  the  par  vagiim 
and  the  recurrent  nerves ;  ^  this  he  accotnplisheil  by 
opening  the  trachea  below  the  glottis,  so  as  to  ensure 
a  free  passage  for  the  air  into  the  bronchia.^  The 
resnlt  of  tlie  investigation  appears  to  be,  that  the 
vessels  of  the  lungs  are  loaded  with  blood,  and  the 
bronchial  cells  clogged  up  with  a  serous  or  mucous 
effusion;   that   the   air  is  of   course   only  partially 

*  See  Legallois*  work,  p.  177*  et  setj*  BlamvilJe,  ahhougli 
he  observed  that  a  certain  degree  of  derangement  took  place  in 
the  lung«,  appears  to  have  considered  it  ns  not  an  essential  effect 
of  the  operation,  and  ascribed  tlie  death  of  the  animal  to  injury 
iQStained  by  the  functions  of  the  stotnaeb.  L'bi  supra,  p,  181. 
^femmerln^,  Corp.  Hum.  f^b.  t.  iv.  p.  237.  remarks  tftat  the 
compresstuii  of  these  nerves  by  a  ligature  produces  difficulty  of 
lir^atbing,  deafnegs,  vomiting,  and  that  it  prevents  the  food 
from  being  digested. 

7  Or  perhaps  rather  the  laryngeal  tierve«>  as  w«  are  infornied 
hy  Dr.  Hastings,  thati  in  his  experiments,  he  found  little  or  no 
dyspnaea  by  dividing  the  recurrent  nerves,  but  that  it  took  place 
immediately  upon  dividing  the  laryngeal  nerves  ;  Philip's  Inq. 
p,  121,  note. 

"  Sur  Ic  PrinciiJC  dc  la  Vie,  p.  188*  et  seq. ;  p,  205,  et  seq. 
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[admittetl  into  the  vesicles,  and  that  it  experiences  a 
[less  degree  of  change  in  its  chemical  composition 
rthan  under  ordinary  circumstances.     This  last  pointp,| 
f which  bears  most  directly  upon  the  subject  uiidei 
rconsideration,  seems  to  be  established  by  the  experi- 
ments of  ftoven<^al/'  and  in  conjunction  with  the      _ 
other  observations,  sanctions  the  conclusion  that  iM^^ 
drawn  by  Legal lois.     He  remarks  that  the  division 
tof  the  par  vagum  affects  the  respiration  in  tln^ee 
I  ways,  it  dimhiishes  the  quantity  of  air  admitted 
Nile  glottis,  it  retards  the  circulation  of  the  bloc 
[through  the  pulmonary  voesels,  and  fills  the  vesiclefi' 
^ith  a  fluid  which  prevents  the  admission  of  the  air 
into  them.     Hence  we  learn,  that  in  these  cases,  thi 
animal  is  destroyed  by  a  process  which  is  predgelyj 
■  similar  to  suffocation  or  drowning,  except  that  it  if 
■less  complete,  and  consequently  less  rapid  in  its  pnK^ 
^gress.^ 

Of  the  three  circumstances  mentioned  above,  wej 
may  conchide  tliat  the  third  is  the  essential  cause 
the  effect  which  ensues.     The  first  depends  merely^ 
rupon  the  anatomical  relation  which  subsists  betwcei 
the  nerves  of  the  glottis  and  the  main  branch  of  the 
eighth  pair,  and  may  accordingly   be  obviated,  byJ 
procuring  a  free  admission  for  the  air  into  the  lu«| 
[  while  the  second  is  probably  to  be  regarded,  rather 
pn  effect,  than  as  a  primary  cause,  arising  from  the 
[^contractility  of  the  heart  being  partially  impaired  bj 

9  Ubi  supra,  p,  182;  Mera.  ile  rinstitut  de  France,  pour  18( 
histoire  p.  87*  par  Cuvier*  ,■ 

*  Sur  ie  Principe  de  la  Vie,  p*  20$,  el  *eq. 
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the  defective  action  of  the  air  upon  the  blood.  It 
now  therefore  remains  to  inquire>  in  what  way  the 
interruption  of  the  nervous  influence  can  produce  the 
effusion  into  the  vesicles;  hut  upon  this  point  it  does 
not  appear  that  we  have  any  direct  facts,  which  can 
enable  us  to  fomi  a  decisive  conclusion  ;  and  as  it 
involves  the  question,  respecting  the  influence  which 
the  nervous  system  has  over  the  function  of  secretion, 
I  shall  reserve  the  iarthcr  consideration  of  it  for  the 
chapter  which  treats  upon  that  subject,  80  far, 
therefore,  as  the  experiments  on  the  division  of  the 
par  vagum  respects  the  general  question  of  the  iuflu- 
.ence  of  the  nerves  over  the  respiratory  organs,  it  leads 
us  to  the  conclusion,  that  this  influence  is  exerciseti 
in  an  indirect  way  only,  depending  upon  the  inter- 
vention of  certain  circnmstxincesj  which  affect  the 
respiration  in  consequence  of  their  not  allowing  the 
air  and  the  blood  to  Ix;  brought  within  the  si)liere  of 
their  mutual  action** 

*  This  is  nearly  tlie  same  view  of  the  subject  whicli  is  taken 
by  Magendie  ;  Physiol.  L  iu  p,  298.  et  eeq.  The  numerous  ex- 
periments that  have  been  lately  performed  in  this  country  and  in 
France  on  the  division  of  ihe  par  vagum,  more  immediately  refer 
to  the  effect  of  the  operation  upon  the  functions  of  the  stomach, 
and  will  therefore  fall  under  our  consideration  iu  a  sub- 
sequent chapter ;  I  mny^  however,  remark  that  they  agree  with 
thoie  that  have  been  referred  to  above  respectitig  the  stale  of 
the  lungs.  The  experiments  of  Mr.  Brodie  afford  a  good  ill  us - 
tratioD  of  the  point  in  question,  by  exhibiting  the  diiference  of 
effect  which  results  from  the  divitiioa  of  the  par  vagum,  accord- 
ing as  it  is  made  in  the  neck  of  the  animal,  or  near  the  termi* 
nation  of  the  nerves  in  the  stomach;  Phil.  Trans,  for  18 14-. 
p.  103. .  5. 
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It  still,  how'ever,  remains  for  us  to  examine 
l^hether  in  any  part  of  the  process  of  respiratioliB 
We  can  perceive  a  inore  direct  connexion  between  the 
nervous  system  and  the  lungs,  so  to  indicate  ft 
necessary  dependence  of  the  one  upon  the  other, 
and  for  this  purpose,  we  must  trace  out  the  sncecfisi^'e 
iteps  of  the  operation,  and  inquire  into  the  relation 
of  each  of  them  to  the  other  parts  of  the  system , 

The  two  great  actions  wliich  constitute  the  proceg 
of  respiration  are  the  contraction  of  the  heart,  hj 
which  the  blood  is  propelled  tli rough  the  pulmonary 
vessels,  and  the  contraction  of  the  diaphragm,  by 
which  the  air  is  admitted  into  the  vesicles.  With 
respect  to  the  first  of  these,  I  have  already  endea* 
voured  to  show,  that  it  is  produced  by  the  distending 
force  of  the  blood  operating  upon  a  contractile  organ, 
which  is  entirely  involuntary,  and,  in  it^  ordinary 
action,  is  altogether  unconnected  with  the  nenous 
power.  The  diaphragm,  on  the  contrarj%  being  a 
voluntary  muscle,  its  contractions  proceed  upon  a 
different  principle*  But  as  the  power  of  volition  is 
conceived  to  be  applied  to  this  part  on  certain  occa- 
sions only,  where  it  is  necessary  to  produce  som< 
extraordinary  effect,  it  still  remains  for  us  to  in  quit 
in  what  way  its  ordhiary  contractions  are  produced  j 
whether  by  a  stimulus  acting  directly  upon  a  con 
tractile  part,  as  in  the  case  of  the  heart,  or  whetlier 
the  stimulating  effect  is  always  transmitted  to  t^H 
through  the  medium  of  the  nerves. 

There  are  many  circumstances,  which  cliaracterize 
the  contraction  of  the  diaphragm,  that,  at  first  view,, 
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might  induce  us  to  conclude  that  it  is  produced  in 
the  first  of  these  ways,  and  that  it  ought  to  be  classed 
among  what  arc  termed  the  vital  actions.  It  com-* 
mcnces  immediately  at  birth,  aiul  continues  ever  after 
to  exercise  its  functions,  without  interruption,  in  a 
constant  and  regular  manner,  unlike  the  generality  of 
tiie  actions  depending  on  the  nervous  influence,  which 
ure  excited  on  certain  occasions  only*  when  the 
specific  stimulus  is  applied-  But  notwithstanding 
this  analogj%  we  shall  find,  upon  a  more  accurate 
examination  of  the  phenomena,  that  we  cannot  refer 
the  contraction  of  the  diaphragm  to  the  first  class  of 
functions.  In  the  first  place,  we  do  not  perceive  that 
there  is  any  stimulus  immediately  applied  to  the  part, 
£o  as  to  produce  the  effect.  And  so  far  as  we  can 
form  any  judgment  of  the  cause  which  excites  the 
contraction,  it  would  appear  to  he  one  which  must 
act  through  the  nerves,  for  although  we  are  not  very 
well  able  to  trace  the  connexion  between  the  cause 
and  effect  in  this  case,  yet  it  w^ould  appear  that  the 
imeasy  sensation  winch  we  experience,  when  the 
lungs  do  not  receive  their  due  supply  of  fresh  air, 
is  the  immediate  cause  of  the  contraction  of  the 
diaphragm. 

This  view  of  the  subject  is  confirmed  by  referring 
to  the  anatomical  structure  of  the  parts,  and  especially 
to  the  origin  and  course  of  the  nerves  ivliich  are 
transmitted  to  the  diaphragm.  From  their  situation 
they  are  less  exposed  to  injury  than  many  other  parts 
of  the  nervous  system,  but  it  appears,  that  whenever 
these  nerves  are  affected  by  any  cause,  either  morbid 
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or  accidental,  the  action  of  the  diapliragUi  is  pro- 
portionally impaired.  We  have  seen  with  respect  to 
the  heart,  that  if  the  striicturc  of  the  organ  itself  be 
sound,  and  its  \«sseli)  properly  supplied  with  arterial 
blooil,  so  as  to  maintain  the  contractility  of  its  fibres, 
its  action  may  be  kept  up  for  an  indefinite  length 
of  time,  as  long  as  the  blood  continues  to  be  poured 
into  its  cavities,  although  its  communication  with 
tlie  brain  be  entirely  destroyed.  But  this  is  not 
the  case  with  the  diaphragm,  for  if  its  nerves  be 
injured  or  divided,  it  appears  that  its  contraction  is 
r  completely  destroyed,  and  its  functions  suspended, 

unless  it  be  excited  by  an  artificial  stimulus/^  Henee 
we  learn,  that  we  are  to  consider  the  muscular  power, 
which  is  exercised  in  respiration,  as  being  interme- 
diate in  its  nature  between  the  action  of  the  muscles 
which  are  entirely  voluntary,  such  as  those  of  loco- 
motion, and  of  those  which,  Hkc  the  heart,  are  com- 
pletely ^involuntary.  The  final  conclusion  which  we 
must  draw  from  these  observations  will  be,  that  there 
is  a  necessary  connexion  between  the  nervous  system 
and  the  function  of  respiration,  and  that,  in  this 
respect*  it  tliftcrs  from  the  circulation,  which  is  essen- 
tially independent  of  the  nerves,  although  occasionally 
subject  to  their  influence/ 

»  Tills  was  rtftnorkably  illustrated  bj  the  experitnents  of 
Legallois,  in  which  upon  successively  removing  the  difTerent 
portions  of  the  brain,  he  alMrays  found  the  action  of  the  dm* 
ptkragm  to  be  destroyed,  when  he  arrived  at  tlie  origin  of  ihe 
nerves  which  supply  this  part* 

<  The  observations  of  Dr.  Philip  on  this  point  are  very 
judiclotis,  although  |)erhap«  there  may  be  some  objection  to  the 
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of  the  Diaphragm .  17S 

LThe  celebrated  experiment  of  Vesalius,^  but  of 
which  Hooke  appears  to  have  been  the  first  to  show 

pliraseology  whicli  he  empJoys.  He  clearly  points  out  the  cause 
of  the  difficulty  which  Legallois  experienced  in  explaining  the 
phenomena,  and  reconciling  them  to  his  system.  According  to 
Dr.  Pliilip's  view  of  the  subject  tlie  lungs  are  supplied  with 
perception,  or  as  he  terms  it,  sensorial  power,  by  means  of  the 
p«t  Tagum,  &0  that  it  is  through  their  intervention  that  the 
utieasy  feeling  is  conveyed  to  the  sensoriuuif  which  ensues  from 
the  defect  of  fresh  air  in  the  vesicles  ;  Inquiry,  p.  207,  26S ; 
ako  Quart-  Journ,  v.  xiv.  p.  98.  et  acq.  The  anatomical  struc- 
ture of  the  partSj  and  the  experiments  of  Legallois,  to  which 
he  refers,  render  this  opinion  probable;  yet  there  is  still  consi- 
derable difficulty  in  conceiving  how  the  slate  of  the  air  in  the 
puhiionory  cavities  can  act  upon  the  nerves,  and  we  have  yet 
to  inquire  into  the  nature  of  the  connexion  between  the  Sth  pair 
and  the  phrenic  nerves. 

The  student  may  peruse  with  advantage  Bichat*s  remarks ; 

•♦  Sur  la  Vie  &c/'  p.  2.  Art.  10.  §  2.  p.  228,  et  seq.,  the  object 

of  which  is  to  show,  that  it  is  by  an  indirect  effect  that  the  lungs 

cease  to  act  in  consequence  of  a  cessation  of  the  functions  of 

the  brain;  also  Art.  11.  §  2,  where  he  endeavours  to  prove  that 

the  lungs  are  the  intermediate  organs,  which  cause  the  death  of 

ihe  heart  to  succeed  to  that  of  the  brain.     With  respect  to  the 

effect  of  dividing  the  par  vagum^  it  is  remarkable  that  he  draws 

9  conclusion  trom  his  experiments  which  is  directly  the  reverse 

of  what  appears  to  be  the  natural   deduction  from  ill  em,  ubi 

«upra,  p,  224.     There  is  frequently  an  obscurity  in  this  Author, 

from  his  peculiar  phraseology,  and  from  his  hypothesis  of  the 

two  lives,  but  the  valuable  information  which  he  affords  us  is 

irell  worth  the  trouble  of  developing  his  meaning  from  the  meta< 

physical  language  with  which  it  is  embarrassed.     Mr.   Brodie 

adopts  a  conclusion  essentially  the  same  with  the  one  stated 

above,    that    when    the   function    of  the   brain   is    destroyed 

respiration  ceases,  although  the  circulation  is  still  maintained  ; 

Phil.  Trans,  for  18 IK  p.  5(y, 

i  See  note  in  p.  55. 
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the  importance,  and  to  deduce  from  it  the  just  infer- 
ence, where,  by  artificially  introducing  air  into  the 
lungs  of  an  animal  that  had  been  apparently  destroyed 
by  interrupting  the  respiration,  the  blood  is  enabled 
to  andergo  its  appropriate  clianges  from  the  venous 
to  the  arterial  state,  >vhile,  in  proportion  as  this 
change  is  effected,  the  contractility  of  the  heart  i» 
restored,  seems  to  be  decisive,  in  pointing  out  the 
connexion  between  the  heart  and  the  lungs,  but  it 
does  not  give  ns  any  insight  into  the  nature  of  the 
connexion  between  the  lungs  and  the  ncr\ous 
system*  In  the  case  of  the  heart  the  connexion  119 
of  an  indirect  kind,  and  takes  place  by  means  of  • 
scries  of  intervening  operations,  which  may  be  clearly 
referred  to  distinct  sources,  altliongli  tbey  become 
sooner  or  later  necessarily  connected  together  and 
inseparably  united.  But  when,  on  tlie  contrary,  lite 
is  extinguished  by  a  Wow  on  the  head,  by  an  injury 
of  the  spine,  or  by  any  of  tliose  causes  which  do  not 
act  upon  the  blood  in  the  first  instance,  the  irnme- 
diate  effect,  as  far  as  the  respiration  is  concerned, 
appears  to  be  the  destruction  of  the  contractile  power 
of  the  diaphragm,  because  the  nenes  which  give  this 
organ  its  power  of  mechanically  contributing  to  the 
reception  of  the  air  into  the  lungs,  are  no  longer 
able  to  transmit  to  it  their  specific  influence. 

The  conclusion,  that  one  of  the  remote  effects  of 
respiration  is  to  prodnce  that  change  in  the  blood, 
which  may  enable  it  to  preserve  the  muscles  in  their 
contractile  state,  affords  an  easy  explanation  of  a 
circumstance  connected  with  the  action  of  the  Jieart, 
which  has  given  rise  to  much  diacuasiou ;   in  tljc 


Action  of  the  Blood  upon  the  HearU 

ordiaary  course  of  the  cireuktioa  the  right  vcntrick 
is  always  filled  with  venous  blood  ;  this  is  then  traasi 
mitted  through  the  lungs,  and  is  brought  to  the  left 
ventricle  in  the  arterialized  state.  As  the  blood  is 
supposetl  to  be  equally  the  cause  of  contraction  in 
botli  the  ventricles,  it  has  been  asked,  how  the  two 
sidca  of  tlie  heart  can  be  acted  upon  in  the  same 
manner  by  hlootl  of  such  different  qualities,  or  more 
particularly,  how  the  venous  blood  can  enable  the 
right  ventricle  to  contract  when,  in  other  cases*  arte- 
rial blood  appears  to  be  necessary  for  this  purpose. 
The  siK?culative  physiologists  have  given  us  many 
answers  to  this  inquiry.  Some  of  them  have  been 
satisfied  with  referring  it  to  the  action  of  the  vital 
principle,  others  have  assumed  certain  specific  pro* 
perties,  in  the  light  side  of  the  heart,  by  which  it 
was  enabled  to  be  acted  upon  by  venous  blood,  an  hy- 
pothesis which  was  adopted  even  by  tiooilwj'n;^  others 
iiave  supposed  tliat  there  was  a  kind  of  sympathy 
between  the  ventricles,  and  others  again  have  ima- 
gined there  to  be  something  in  the  mechanical  struc- 
^pre  of  the  heart,  by  which  the  contraction  of  one  of 

*  Connexion  of  Life  &c.  p.  82,  -1:.  This  would  appear  to  be 
the  opfnion  of  Scemmering,  who  says,  "  Sanguis  nt?mpe  venosus, 
aeri  non  admissus,  licet  ventriculum  cordis  pulmonalem  stimulare 
queat,  tamen  veQtneulo  cordis  aortict  inckando  impar  est." 
Corp.  Hum.  fab.  t,  vi.  p.  76-  and  upon  tlie  same  principle  Dr. 
Philip  observes  that  the  two  iides  of  the  heart  are  **  fitted  to 
obey  different  stimuli ;"  PhiL  Trans,  for  1S15,  p.  8L  See  also 
NichoUs'fi  Pathology,  p>  71,  where  the  author  fupposes  that  the 
contraction  of  the  ventricle  may  be  affected  by  tlie  state  of  the 
blood  which  is  poured  into  it. 
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■  its  parts  is  necessarily  succeeded  by  that  of  the  re- 

■  mainiug  part/ 

^H  To  a  certain  extent  tlie  latter  opinion  must  be 
^  considered  as  not  without  some  foundation.  Although 
there  is  a  good  deal  of  intricacy  in  the  mechanism  of 
the  structure  of  the  heart,  and  in  the  form  and  dis- 
position of  its  mxiscular  fibres,  yet,  so  far  as  the  pre- 
sent question  is  concerned,  it  may  probably  be  re- 
garded as  composing  one  muscle,  and  will  therefore 
possess  that  simultaneous  action  in  its  various  parts, 
which  belongs  to  the  muscles  generally,  in  conse* 
quencc  of  which^  when  any  one  part  of  them  is 
stimulated,  the  whole  is  thrown  into  contraction. 
But  although  this  principle  may  operate  to  a  certain 
extent,  it  cannot  be  regarded  as  tlie  correct  or  proper 

I  solution  of  the  proposed  inquiry.     The  blood  which 

is  poured  into  the  ventricles  of  the  heart,  and  causes 
their  contraction,  acts,  not  by  any  specific  properties 
which  it  possesses,  but  mereJy  by  its  mechanical 
bulk,  while  the  blood  which  imparts  contractility  to 
the  heart  is  contained  in  the  coronary  arteries,  which, 
like  the  otlier  muscular  arteries,  proceed  from  the 
great  trunks  in  their  vicinity,  and  are  distributed 
through  the  whole  substance  of  the  muscles.  Provided 
the  blood  in  these  vessels  be  properly  arterialized,  it 

7  H&ller  formed  a  singular  opinton  on  this  subject,  that  tlie 
Tenaus  blootl  was  the  proper  stimulus  to  the  heart.  He  found 
that  when  the  blood  w  as  mmle  to  pass  tbrougli  the  right  side  of 
the  hearty  after  it  had  c-etisud  to  pass  Uirough  the  lelt  side,  the 
contraction  of  the  right  side  remained  longer  than  that  of  the 
lefY;  Sur  les  Part.  tens,  et  irrit.  mem*  2.  ex*  515.. 523.  t.  I 
p,  362,7. 
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/is  immaterial  what  kind  of  blood  outers  the  interior 
cayities  of  the  heart ;  we  may  venture  to  assert,  that 
if  it  were  possible  to  carry  on  the  circulation  through 
the  other  parts  of  the  body,  it  would  be  sufficient  for 
the  action  of  the  heart,  if  its  ventricles  were  filled 
with  any  fluid  of  the  proper  temperature  and  consist- 
ence,  and  in  the  requisite  proportion,* 

These  remarks  upon  the  effect  of  respiration  in 
promoting  the  contractility  of  the  muscular  fibre, 
will  enable  us  to  understand  the  immediate  cause  of 
death  from  drowning,  suffocation,  or  any  other  of 
those  accidents  which  prove  fatal  by  preventing  the 
aeoess  of  firesh  air  to  the  lungs.  When  the  action  of 
the  pulmonary  organs  was  conceived  to  be  altogether 
of  a  mechanical  nature,  the  cessation  of  the  motion  of 

•  This  point  ts  well  treated  by  Bichat;  Sur  la  Vie  &c*  Art.  6. 
(  2 ;  but,  I  beliere,  this  manner  of  viewing  the  subject  is  not 
origioal  in  him,  as  lias  been  intimated  by  some  of  the  French 
nrriters  ;  See  Cuvier,  Le^.  Comp,  t.  iv,  p,  SOO.  1  recollect  tliis 
doctrine  being  explicitly  taught  by  Mr.  Allen,  in  hU  admirable 
lectures  on  the  animal  fl&conomy,  which  I  bad  the  good  fortune 
to  attend  in  the  year  1796  and  1797.  Mr.  Coleman  controverts 
Gt>odwyn*s  opinion  respecting  the  state  of  tlie  two  sides  of  the 
heart  very  bati^factorily ;  he  supports  his  argument  by  the 
peculiarities  of  the  fcctal  circulation;  Dissert,  p.  40.  et  seq.  This 
may  abo  be  regarded  as  the  legitimate  deduction  from  Mr. 
Brodte^fi  experimenis,  in  which  the  action  of  the  heart  continued 
ftfier  the  destruction  of  the  nervous  system^  until,  in  conse- 
quence of  the  respiration  being  iiuspended^  Uic  circulation  also 
ceased;  Phil.  Trans,  for  1811,  p.  S6.  Here  the  immediate 
effect  depended  upon  the  want  of  the  appropriate  change  in 
the  blood  by  the  air  rendering  the  muscular  fibres  of  the  heart  no 
looger  contractile* 
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th«  heart  in  drowning  or  suffocation  was  a'seribed  to 
a  mecliaiiical  obstacle  impeding  the  passage  of  the 
blood  throngh  the  lungs,  and  the  heart  was  supj>osed 
to  be  at  rest,  because  the  blood  was  not  duly  trans- 
mitted to  its  cavities.  We  are,  however,  now  assured 
that  no  obstacle  of  the  nature  formerly  contemplated 
exists ;  that  the  first,  and  indeed  the  essential  effect 
0(  submersion  is  to  cut  off  the  supply  of  oxygen  from 
the  blootU  so  that  it  vm\  ho  longer  undergo  its  appitf^ 
priate  change ;  it  is  therefore  carried  into  the  coro- 
nary arteries  in  the  venous  state,  and  hence  the  heart 
loses  its  contractility.  The  various  organs  of  the 
body,  all  of  whicli  require  for  their  support  a  regular 
feupply  of  arterial  blood,  are  consequently  unable  to 
perfonn  their  functions,  and  among  others,  the  brain 
and  nerves  lose  their  sensibility,  so  that  all  the  poweraH 
lioth  physical  and  vital,  ai'e  suspended,  and  in  a 
short  time  irrecoverably  destroyeth  We  may  in- 
sider ourselves  as  iiidcbted  to  (xoodwyn  for  thd. 
firat  consistent  hypothesis  upon  this  subject ;  for 
though  bis  ideas  on  some  of  the  subordinate  poia^ 
are  not  altogether  correct,  he  is  fundamentally  rigli 
in  Im  \iew  of  the  connexion  which  subsists  betwcerf 
life  itud  the  function  of  respiration.**     The  brain  and 


thd„ 

I 


*>  Sec  Iiis  E«^y,  sect  5.     He  clearly  established  the  face, 
t-cftjiecling  ^^hich  the  opinions  of  physiolog^tsts  had  been  pr 
I  viausly  much   divided,  Sec  Morgag^ni,  Epist.  No.l9.  f  90*  th 
( the  intfodnction  of  water  into  the  cells  of  the  lungs  h  not  a 
taiary  eifect  of  submersion  ;  Essay,  p.  10,  14  :  a  fact  ivhtchi 
H^lty  important  hi  a  theoretietil  ntul  practical  poiot  nf  vie 
froodwyn's  cxpeHincnts  upon  this  point  were  confifmetl 
those  of  Mr.  Kite  and  Mr,  Coleman ;  see  Essay  on  Stibmersionv 
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tierves  it  appears  are  not  directly  concerned  in  the 
process,  and  only  suffer  together  with  the  rest  of  the 
system  ;    a  coiisidcratioii  ivhicb,  although  it  would 

p.  S,  4f ;  and  on  Suspended  Bespi ration,  p,  82,  3  ;  also  Paris  s 
Med.  Jur.  v.  ii,  p,  35.  et  seq.  On  s peculating  upon  the  state 
of  the  system  which  is  produced  by  drowning,  many  physi- 
ologists have  supposed  that  death  is  Immediately  caused  by  a 
derangement  of  the  nervous  functions,  analogous  to,  or  rather 
identical  with  upoplexy.  The  lungs,  -it  is  said,  are  in  a  state  of 
forced  expiration,  and  are  completely  loaded  with  blood,  sent 
into  them  by  the  riglit  side  of  the  hearl,  which  is  retained  there 
in  consequence  of  the  left  ventricle  not  being  able  to  propel  its 
contents.  This  mechanical  congestion  of  the  blood  will  be  com- 
intinicated  to  the  whole  of  the  sanguiferous  Fystcm,  but  it  is 
supposed  that  its  effects  will  be  more  peculiarly  experienced  in 
the  brain,  on  account  of  iht  nature  and  situation  of  the  vessels 
of  that  part,  Tliis  doctrine  U  maintained  by  Mr*  Kite,  and 
although  I  conceive  it  to  be  incorrect,  it  is  stated  and  enforced 
t^ith  considerable  ability  ;  Essay,  p.  4G,  66,  V5.  ilr.  Coleman's 
observations  on  the  above  opinion  may  be  read  with  advanlagei 
and  m^y  be  regarded  as  contaimug  a  complete  refutation  of  it ; 
Essay,  p.  13.^.  .144 ;  but  I  may  remark,  that  he  appears  to  lay 
loo  much  stress  upon  the  supposed  collapse  of  the  lungs ; 
p.  148**  1.  We  shall  iind  many  ingenious  observations  on  the 
State  of  the  functions,  and  on  their  relation  to  each  other,  when 
death  is  caused  by  the  exclusion  of  air  from  the  lungs,  in  Dr. 
Edwards'S  chapter  on  Asphyxia,  p.  263*  et  seq*  Many  of  the 
systematic  nosologists  of  the  last  century  considered  the  affection 
produced  by  submersion  as  a  species  of  apoplexy  ;  this  was  the 
case  with  Cullen,  Nosol.  t.  ii»  p.  190. 

Since  writing  the  above  note,  I  have  met  with  an  account  of 
«  Btties  of  experiments,  performed  by  Professor  Meyer,  on  the 
presence  of  water  In  the  lungs  of  drowned  persons.  We  are 
informed  that  he  always  found  more  or  less  fluid  in  the  lungs 
lifter  drowning,  and  that  it  possessed  the  colour  and  other  sen- 
•ible  pf(*j^erties  of  the  niedium  i.n  which  the  animal  had  been 
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seem  to  be  a  very  obvious  consequence  of  the  admitted 
facts^  has  not  been  always  home  in  mind,  and  has 
tended  to  throw  an  air  of  mystery  over  a  subject, 
which  is  in  itself  sufficiently  intelligible. 

During  a  certain  period  of  time  the  powers  of  life 
are  merely  suspended^  but  the  parts  not  being  irre- 
coverably injured,'  if  the  proper  means  be  resorted  to, 


immersed.  He  employed  water  to  which  the  hydrocyanate  of 
potash  had  been  added,  and  tested  the  fluid  tlmt  was  found  id 
the  lungs  with  the  muriate  of  iron»  It  appears  that  he  performed 
15  experiments,  in  which  animals  were  drowned  under  different 
circumstances  I  and  always  with  the  same  results  ;  Med.  Repos* 
V.  ill,  new  ser.  p.  436.  I  may  remark  that  Ilaller,  as  the  result 
of  his  inquiryf  thought  that  a  small  portion  of  the  fiuid  in  whicli 
an  animal  is  drowned^  is  occasionally  found  in  the  lungs,  but  that 
Huids  do  not  readily  pass  into  them ;  El  Phys.  xviii.  S.  22, 25- 

»  See  Hunter^  in  PluL  Trans*  for  1776,  p.  il2.  et  seq*  and  the 
same  paper,  in  an  improved  form,  in  his  "  Obsen^atioDS  on  the 
Animal  CEconoroy,"  p*  129. .  1  iL  The  older  writers  were  dis- 
posed to  admit  of  a  much  longer  continuance  of  the  state  of 
suspension  than  the  moderns  ;  See  Boerhaave*  Preelect-  §  209 : 
Parr's  Diet.  Art.  **  Submersion;"  also  the  long  and  desultory 
article  **  Noye*,'*  by  Vaidy,  in  Diet.  Scion.  Med-  t.  xxxvi. 
p.  593.  et  seq.  There  is  likewise  considerable  difference  of  opinion 
respecting  the  period  during  which  the  respiration  can  be  sus* 
pended,  without  the  interruption  of  any  of  the  functions.  Here, 
as  in  the  former  case,  we  have  every  reason  to  suppose,  that  the 
narratives  which  we  have  of  the  length  of  time  that  divc-rs  can 
remain  under  water,  are  much  exaggerated.  Boyle,  referring  to 
the  stories  of  divers  remaining  under  water  for  three  or  four 
hour»,  infornts  us,  that  a  person,  who  was  in  the  habit  of  divings 
for  the  purpose  of  recovering  goods  from  sunk  vessels,  confesfed 
ihat  he  could  not  remain  longer  than  two  minutes  under  water; 
Works,  V.  i«  p.  1 II.  Halley  observes^  that  few  persons  can  live 
l^ofer  under  water  than  half  a  mtnute,  but  aJds  tliat  a  pro- 
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the  actions  of  the  system  may  be  restored,  Tliese 
means  essentially  consist  in  enabling  the  blood  to 
undergo  its  specific  change  in  the  lungs,  by  introduc- 
ing into  them  a  quantity  of  air,  containing  the  re- 
quisite proportion  of  oxygen.  But  the  various  func- 
tions of  the  body  are  so  connected  tf^ether,  that 
the  suspension  of  any  one  of  them  is  necessarily 
attended  with  a  derangemeTit  of  the  whole  machine; 
and  we  accordingly  find,  that  after  a  very  short  in- 
terval, the  mere  introduction  of  fresh  air  into  the 
lungs  is  not  sufficient  to  restore  its  action^  because 
the  diaphragm,  upon  the  contraction  of  which  this 
action  essentially  depends,  has  now  lost  its  contrac- 
tility, in  consequence  of  the  arteries  being  filled  mth 
venous  blood.  We  have  therefore  to  direct  our  atten- 
tion immediately  to  the  state  of  the  circulation,  as 

fessed  diver  may,  by  long  practice,  actjiiire  the  power  of  re- 
m^iog  near  two  minutes  ;  FliiL  Trans,  v»  xxix,  p.  493-  Cavalla 
is  disposed  to  Itmit  the  time  to  a  minute  and  a  half;  on  Airf« 
p*  26,  7*  Dr,  Edwards,  who  has  particularly  directed  his  atten- 
tron  to  the  subjecti  informs  us,  ihut  some  of  the  best  divers  in 
the  swimming  school  at  Paris,  can  remain  under  water  three 
minutes ;  De  Plnfluence  &c,  p.  269,  Dr.  Paris,  Med.  Jur* 
V.  ii.  p.  $4r,  resting  his  opinion  on  Mr.  Brodie's  autliority>  con- 
ceives it  very  doubtful,  if  the  heart  ever  continues  to  pulsate  for 
so  long  as  five  minutes  after  the  respiration  has  ceased;  gene- 
rally the  interval  is  much  shorter;  iu  drowning  he  seems  to  limit 
it  lo  a  few  moments ;  p*  37.  The  stories  that  are  related  re- 
specting divers,  he  regards  as  entirely  fabulous ;  note  in  p.  31% 
\  h  Is  tupposed^  however,  by  Roeslcr,  from  a  series  of  valuable 
ftnd  elaborate  experiments,  made  expressly  to  elucidate  this 
point,  that  the  period  assigned  by  Mr.  Brodie  is  too  limited ; 
See  £d.  Med.  Jour.  v.  xxiii,  p.  207.  et  seq. 


Method  ofmtomg  the  Function^ 

well  as  of  the  respiration,  aud  we  attempt  to  induce^ 
the  COD  tract  ion  of  the  heart  by  stimulants  applied  t^t 
it,  or  to  any  other  part  of  the  system,  which  may?  j 
indirectly  affect  the  action  either  of  the  muscles  or  of 
the  nerves.-    Of  these  stimulants  the  moiit  eflectual, 

*  The  remarks  and  directions  of  Hunter,  in  the  papers  re- 
ferri^d  to  above,  are  for  the  most  part  very  correct  and  judicious; 
but  he  has  faHeii  into  one  error  of  importance.  In  reconuneadmg 
the  applicatiou  of  stiniylating  vapours  to  the  interior  of  the 
lungs;  Obser/.  on  Aniau  Qvcon*  p.  136*  Fortunately  for  the 
patlentj  the  natural  actions  of  the  organs  are  commonly  sufficient 
to  exclude  the  vapours,  for  if  they  were  admitted,  in  any  con* 
siderable  quantity^  sufFocation  would  be  the  consequence.  Tim 
only  use  uf  stimulating  vapours^  h  to  excite  the  nerves  of  thc^ 
nosei  which,  by  their  connexion  With  the  respiratory  nerva^ 
generally,  may  eventually  atimulate  the  diapliragm  to  contrac- 
tion. The  directions  published  by  the  Humane  Society,  in  thdf 
latest  advertisements^  appear  generally  judicious;  ^ome  of  lh# 
in^ios  formerly  employed  were  at  least  of  very  dubious  utility. 
Steftgood  abstract  of  the  same  in  Uee&'s  Cydopaidiap  ^rtii 
'f  Drowning.' '  Dr.  Gibney's  proposal  to  employ  ateam  ai^< 
speedy  and  eifcTtual  method  of  restoring  the  heat  of  the  bodji 
may,  1  conceive,  be  frequently  employed  with  advantage ;  Oa 
Vapour  ISaths,  p.  1^5^  G.  It  has  beea  justly  remarked,  thai 
there  are  certain  cases  of  suspended  animation,  as  in  suffocation 
from  carbonic  acid,  and  in  fainting,  where  the  coturaction  of 
the  heart  and  diaphragm  are  re^tnred  by  applying  cold  to  tha 
surface  of  ihe  body,  and  when  warmth  would  ha  unfavourable, 
thus  producing  an  exception  to  the  general  rule  of  treatment. 
But  the  cu«et»  when  cold  ii  to  be  applied  are  tliose  in  wlucli  this 
heat  of  the  body  haa  not  been  abstracted  by  a  cold  mediuxo ; 
if  the  tempcratMre  be  much  reduced,  it  will  be  neces^Mirj  ta 
proceeti  in  the  usual  manner,  with  the  application  of  warmth^  i 
may  remark,  tliat  in  the  recovery  from  appaient  drowmng,  tha 
contractility  of  the  muscles,  as  cxiiibited  by  the  action  of  tlta 
b^ri  and  diaphragm,  is  re-establiili«il  for  a  coqaidcrabk  tifn« 
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is  caloric,  either  as  applied  to  the  surface  of  the  body 
generally,  by  pkdng  it  in  a  warm  mediiiiD,  or  by  a 
topical  appHcation  of  it  to  the  region  of  the  stomach, 
or  to  any  other  part  more  particuUrly  sensible  to  its 
influence.  With  the  same  intention  we  apply  fric- 
tionsp  and  occasionally  more  powerful  stimulants* 
such  as  the  electric  or  galvanic  shock,  transmitted 
through  the  heart  or  the  diaphragm,  which,  if  judi- 
ciously used,  would  seem  to  he  indicated^  by  the 
power  which  they  are  known  to  possess  of  exciting 
th€  contraction  of  a  muscle,  when  it  ijan  no  longer 
he  acted  upou  by  any  other  means.  It  is  almost 
unnecessary  to  add  that  in  the  above  remarks,  I 
have  proposed  only  to  state  the  general  principles 
upon  which  we  ought  to  proceed  in  attempting  to 
restore  the  powers  of  life,  when  they  have  been  sus- 
pended in  consequence  of  the  want  of  the  due  supply 
of  oxygen  to  the  lungs;  a  variety  of  minute,  although 
very  important  considerations,  will  naturally  require 
our  attention,  depending  upon  the  peculiar  circum- 
stances of  each  individual  case,  which  must  be  left  to 
the  judgment  of  the  practitioner,^ 

before  the  restoratioo  of  die  sen&ibility,  dm*  iJluslrating  the 
general  |josition  of  the  independence  of  the  former  of  these 
powers  upon  the  latter.  An  observation,  the  converse  of  the 
above,  tends  to  illustrate  the  same  position^  that  when  suHbca- 
tion  takes  place,  from  any  cause»  volition  ceases  for  a  consider- 
'  ^  able  time  before  life  is  irrecoverably  extioguiohed.  See  Edward)> 
de  rinfluence  &c  p.  269. 

3  So  littl^  conception  had  Bocrhaave  of  the  real  objects  of 
retpiration,  and  consctjuently  of  the  cause  of  death  by  subiner- 
sioo,  that  he  conceived  an  aoimal  might  ^q  rendered  aniphi- 
biout,  by  fre(|uently  plunging  it  while  young  into  water,  and 
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The  opinion  that  one  of  the  remote  cflects  of 
respiration  is  to  prevent  tlie  decomposition  of  the 
blood*  and  eventually  that  of  the  body  at  large,  may 

thus  prevent  the  closiDg  of  the  foramen  ovale  and  the  ductus 
arteriosus.  Why  we  cannot  h've  without  respiratioa  he  says, 
**  nobis  Kf>vxToy  est,  quoil  forsan  nobis,  vestroqoe  cevo,  ali- 
quid  patescet*"  Prselect.  not.  ad.  $  691.  L  v.  par.  2.  p.  186,' 
Boerhaave*s  proposal  might  be  pardoued  at  the  period  whei^ 
it  was  advanced^  but  we  can  scarcely  extend  our  apology  la 
Beddoes,  who,  notwkhstaudiLig  all  the  dbcoveries  that  had 
been  made  since  the  time  of  Boerhaave^  seriously  advances 
the  opinion,  that  "  by  firequent  immersion  in  water,  the 
association  between  the  movements  of  the  heart  and  luogt 
might  perhaps  be  dissolved ;  and  an  animal  be  inured  to  live 
commodiously,  for  any  time,  under  water,'*  On  Fact.  Airs,  part.l. 
p.  41.  This  opinion  had  been  previously  maintained  by  Buffon ; 
and  altlmugh  it  is  altogether  without  foundation,  yet  in  endea- 
vouring to  prove  it  by  experiment,  he  discovered  a  curious 
fact,  which  has  been  since  confirmed  by  Legallois,  and  Dr.  Ed- 
wards, that  a  newly*born  animal  can  live  without  air,  for  a  much 
longer  space  of  time,  than,  an  adult  of  the  same  species.  See 
Edwards  de  rinflucnee  dc.  part.  3^  chap.  4,  p.  165. ,  174", 
BufFon  made  his  experiments  upon  dogs.  Legallois  and  Edwards 
used  rabbits,  cats,  and  other  animals  of  various  kindg,  and  found 
ill  at  they  could  bear  submersion  in  water  for  h  early  half  an 
liour  without  injury  ;  it  was  perceived,  however,  that  thi^  faculty 
was  soon  dtminiished,  aud  that  after  some  days,  it  was  entirely 
lost*  Dr.  Edwards  also  found  that  it  was  only  certain  species 
of  animals  which  possessed  it,  and  he  made  the  very  important 
[observation,  that  it  belongs  to  those  only  which  have  but  h'tUe 
[power  of  generating  heat  when  newly^bom,  a  circumstance 
which  seemed  exactly  to  correspond  with  this  capacity  of  re- 
[maimng  for  a  certain  space  of  lime  without  air.  Sir  A.  Carlisle 
^observes  tliat  animals  which  hybemate  are  less  easily  drowned 
I  than  others,  and  gives  us  the  results  of  some  experiments  on 
[bedge-hogs  in  proof  of  his  position;  Pliil  Trans*  for  1805.  p.  VJ* 
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be  considered  as  having  originated  from  the  hypo- 
tii6iU  of  Crawford/  respecting  the  source  of  the  in* 
flammable  matter  employed  in  the  production  of 
aniinal  heat.  It  is  generally  admitted,  that  all  the 
matter  which  enters  into  the  composition  of  a  liv- 
ing organised  body,  is  subject  to  perpetual  change, 
that  at\er  hai'ing  performed  its  appropriate  fiinc- 
tiona,  it  becomes,  in  some  way  or  other,  altered  in 
its  ii&ture>  so  as  to  be  no  longer  suitable  for  the 
purpose,  and  that  it  is  then  discharged  from  the 
83ri»teQi.  Now  it  has  been  supposed  that  it  is  by  the 
exchange  of  old  for  new  particles  that  the  body  is 
preserved  from  decomposition,  and  that  when  this 
process  is  suspended  by  death,  ro  that  the  effete 
matter  can  no  longer  be  carried  off,  a  complete  de- 
oomposition  ensues.  The  blood  is  the  medium  by 
^hich  this  mutual  interchange  is  effected,  the  veins 
are  the  channels  by  which  the  matter  is  carried  off, 
and  the  lungs  arc  the  organ  by  which  it  is  finally 
cUscharged.  Of  all  the  constituents  of  the  body,  the 
lilood,  and  more  especially  its  red  globules,  appears 
to  be  the  part  which  is  the  most  subject  to  decom- 
position, and  it  is  accordingly  on  this,  that  the  air  is 
conceived  more  immediately  to  act  in  the  process  of 
respiration :  it  may  be  fiarther  observed  that  the  first 


|k  ^  The  fame  opinion  had  Indeed  been  previouiJy  suggcftted  by 

Piieftleyi  eee  note  8,  p.  09;  and  even  the  older  pbysioiogUts, 

MM  joay  be  fuund  in  the  references  to  Haller,  El.  Fhys.  viii,  5,  20, 

«otertaiaed  tome  imperfect  ideas  of  the  same  nature,  but  it  was 

kmol  brought  into  a  conMstent  form  until  the  publication  of 

ICrairforU'i  work. 


step  in  tbe  Bpontaneous  decompositioE  of  animftl 
niatter  consists  in  the  loss  of  a  portion  of  its  carbon, 
wliich  unites  with  the  oxygen  of  the  atmosphere,  and 
forms  carbonic  acid,  as  is  the  case  with  the  air  in  the 
lungs."  Heuce  it  woidd  appear  to  be  not  an  unfair 
conclusion,  that  the  cause  which  more  immediately 
operates  in  preventing  the  decomposition  of  tbe  bodyt' 
so  far  at  least  as  tbe  chemicaj  nature  of  the  substances 
is  cjoncerned,  consists  in  tbe  abstraction  of  a  part  o£ 
tbe  carbon  of  tbe  blood,  and  that  if  these  particles 
were  not  removed  irom  it  in  proportion  as  they  are 
deposited,  they  would  produce  a  tendency  to  decom- 
position, which  wovdd  terminate  in  complete  disor- 
ganisation. 

These  remarks  may  assist  us  in  fonning  some 
judgment  respecting  the  value  of  an  hypothesis 
wliich  has  been  very  generally  adopted,  tliat  the 
power  which  the  living  body  possesses  of  resisting 
Uie  tendency  to  decomposition,  is  to  be  ascribed  to 
tlie  operation  of  what  lias  been  termed  the  vital 
principle.      If  we  examine    tbe   body   immediately 

s  Spallanzani  found  that  tlie  bodies  of  the  dtflferent  claseet  of 
animals,  worms,  insects,  lisheJi  oviparous  quadrupeds, birds,  and 
thi'  mammalia,  all  deoxidate  the  air  after  death,  some  of  them  as 
much  as  during  h'fe  ;  and  this  appears  to  have  been  the  oa»e 
before  any  visible  marks  of  decomposition  could  be  observed; 
M«m.  sur  la  Respiration,  p.  63,  70,  7-^,  302,  316.  Ho  found 
the  same  change  to  be  produced  in  the  air  by  torpid  animali, 
altliough  the  respiration  appeared  to  be  entirely  suspended  ; 
p,  77,  108,  135-  The  observation,  that  the  decomposition  of  the 
tirunal  matter  produces  carbonic  acid,  appears  to  have  been  first 
made  by  Priesiley ;  On  Air,  v.  lii.  (Ut  aer,)  p*  S40, 1. 
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after  death,  its  structure  ami  composition,  so  far  ^ 
we  can  perceivet  is  precisely  siiuilar  to  what  they  were 
previous  to  dissolution,  yet  it  soon  begins  to  exhibit 
a  scries  of  chemical  changes,  which  will  eventually 
proceed  to  its  complete  destruction,  while,  if  life  had 
continued,  it  would  have  retained  its  form  and  com^ 
position  for  au  indefinite  length  of  time.  This 
difference  has  been  said  to  be  owing  to  the  presence 
or  absence  of  the  vital  principle^  an  agent  which  is 
supposed  to  keep  every  part  of  the  system  in  its 
perfect  state,  and  to  regulate  all  its  functions,  while 
conversely,  the  continuance  of  this  perfection  and 
regularity  has  been  assumed  as  an  evidence  of  the 
existence  of  this  principle. 

There  are  two  senses  in  which  the  term  principle 
has  been  correctly  applied  iu  natural  philosophy; 
first,  when  we  wish  to  designate  a  material  agent, 
which  pToduc43s  some  specific  effect,  as,  according 
to  the  doctrine  of  Lavoisier,  oxygen  is  said  to  be  the 
acidifying  principle,  and  one  of  the  constituents  of 
oak  bark  is  styled  the  tanning  principle ;  or  secondly, 
we  may  correctly  employ  the  term  principle  to  signify 
the  cause  of  a  number  of  phenomena,  which  essen- 
tially  resemble  each  other,  and  which  may  be  all 
referred  to  one  or  more  general  laws,  as  the  principle 
of  gravitation  on  the  principle  of  chemical  attraction, 
AVe  may  then  inquire  how  for  the  term  principle  can 
\ie  properly  applied  to  the  cause  of  the  plienomena 
of  life- 

I  feel  little  hesitation  iu  saying  that  it  cannot  be 
used  with  propriety  in  the  first  scQse,  to  designate 
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any  material  agent,  notwithstanding  the  high  au- 
thority of  those  physiologists,  who  maintain  the 
existence  of  a  **  materia  vitse,"  and  go  so  far  as  to 
describe  its  visible  and  tangible  properties;  or  of  those, 
who  identify  the  cause  of  the  characteristic  properties 
of  life  with  electricity  or  any  analogous  agcnt*^  Nor 
shall  we  find  the  terra  principle  more  appropriate 
when  era  ploy  cd  in  the  second  sense,  to  express  the 
supposed  cause  of  a  series  of  phenomena,  whicli  may 
be  all  referred  to  one  or  more  general  laws;  for  accord- 
ing to  the  explanation  which  has  been  given  of  it, 
by  those  who  have  expressed  themselves  in  the  most 
intelligible  manner,  the  vital  principle  has  been 
employed  to  express  all  those  actions,  which  could 
not    be    referred   to   any   other   general   principle.' 


^  I  shall  differ  the  objections  which,  I  tliink,  may  be  deduced 
against  these,  as  well  as  against  the  other  modifications  of  the 
material  hypothesis,  to  a  subsequent  part  of  my  work.  Al 
present  I  shall  only  remark,  I  hat  in  supporting  the  doctrine  of 
i  mm  ate  rial  ism,  I  dit»claim  all  intentioii  of  throwing  out  any  im- 
putation or  censure  against  cither  the  principles  or  talents  of 
thuse  whom  I  oppose*  Such  a  proceeding  I  should  regard  at 
lii^hly  iliiberal»  and  therefore  unworthy  of  one  who  professes  to 
feel  an  interest  in  the  advancement  of  knowledge. 

7  In  order  to  show  that  I   have  not  misrepresented  the  doc- 

Clrlnes  that  are  maintained  by  many  of  the  modern  physiologisU»  • 
Upon  the  subject  of  the  vital  principle,  in  addition  to  the  works 
that  have  been  already  alluded  to,  I  shall  subjoin  the  following 
referencej».  with  a  brief  abstract  of  the  opinions  of  the  several 
authors.  Barlhez,  in  the  introduction  to  his  *^Nouveaux  Elcmeus/' 
t.  ii  |i«  15.  el  note  2«  speaks  of  the  vital  principle,  as  what  u 
proved  to  exist  by  its  effectt,  but  of  the  nature  of  which  we  ore 
igiioraut,  and  adds,  that  it  is  to  bt  regarded  as  like  the  unknown 
L 
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Besides  the  laws  of  Biechanics  aiul  of  chemistry,  we 
observe  in  the  living  body  various  phenomena  which 

quantities  in  algebra.  Dumos,  EL  Phys.  1. 1\  p.  61,  (I"  ed.) 
in  the  same  maiiTieT,  likens  the  vitiil  principle  to  the  letters  x  y  z, 
as  employed  in  algebra  to  designate  uti known  quantities;  see 
also  tlie  introclyction  to  his  2d  ed.,  where  he  further  explains 
his  hjrpothesis,  and  vindicates  his  claims  to  originality  against 
Barthez.  Blutnenbach^  Instit.  Physiol.  §  30^  observes  that  the 
vital  powers  are  those  which  '*  are  not  referrible  to  any  qua- 
lities merely  physical,  chemical,  or  mechanical;"  a  remark 
which  is  strictly  correct ;  but,  as  we  have  already  had  occasion 
to  observe,  he  speaks  of  the  "  vital  energy"  as  an  individual 
agent,  and  classes  together  under  the  title  of  "  vita  propria," 
actions  which  have  no  bond  of  union  except  their  being  unlike 
every  other-  Dr  Park,  Inquiry,  p.  IIS,  says  "  what  the  vital 
principle  is  I  shall  not  atten^pt  to  define ;  but  it  certainly  does 
not  consist  in  the  functions  which  depend  upon  it.  It  is  the 
cause  and  oot  the  effect/*  Plenk,  Hydrologia,  p.  15»  does 
not  hesitate  to  consider  the  vital  principle  as  one  of  the  elements 
of  which  the  body  is  composed,  Virey,  in  conformity  with  the 
method  that  has  been  adverted  to,  supposes  that  those  animals 
that  have  the  power  of  being  multiplied  by  division,  or  of  re- 
pairing lost  parts,  do  it  by  means  of  **  a  vital  intelligent  force,  '* 
Histoire  des  Mceurs,  &c.,  t.  i.  p.  4P5.  The  writer  of  the  valuable 
article  **  Anatomy,"  in  Dr.  Brewster*s  Encyc*,  v.  i.  p.  473,  4-, 
employs  the  vital  principle  to  explain  every  action  that  cannot 
be  otherwise  accounted  for*  Dr  Fleming,  after  enumerating  the 
actions  that  are  peculiar  to  organized  bodies^  refers  them  all  to 
the  operation  of  the  vital  principle,  which  he  speaks  of  as  an 
individual  agent,  yet  he  designates  it  only  by  the  negative  pro- 
perty of  being  difterent  from  all  mechanical  or  chemical  powers^ 
Phil,  of  Zoology,  v,  i*  chap.  "2.  The  term  vital  principle  is  fre- 
quently employed  by  Dr.  Philip,  and  although  he  uses  it  in  a 
more  guarded  sense^  it  Is  liable  to  the  objections  which  have 
been  stated  above.  In  his  essay  in  the  Quart.  Journ.,  which 
may  be  quoted  as  a  matured  digest  of  hi?  physiological  doctrines, 
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essentially  differ   Irom   these,  and  which  tre  must 
therefore  ascribe  to  some  other  cause ;  but  we  find 

he  f^ays  ihst  the  vital  princLpIc  "  bestows  on  bodies  certaio  firo* 
perties;*'  v*  xtii.  p-  97.     If  by  this  expression  is  meant  that 

{sntmate  possesses  essentially  difFereut  properties  from  inanimate 
nifltter,  no  one  can  deny  the  position;  but  if  it  is  intended  fo 
«convey  the  idea  that  the  vital  principle  is  something  which  can 

.  be  added  to  or  removed  from  bodies,  without  affecting  their 
other  properties,  or  to  designate  a  series  of  phenomena  which 
essentially  resemble  each  other,  we  are  going  beyond  the  Hmiti         I 
of  correct  induction,  and  are  employing  a  form  of  speech  which         ' 
has  given  rise  to  much  misconception  imt!  obscurity-    Dr.  Philip         I 
supposes  that  arterial  blood  contains  the  vital  principle;  Qtiait.         I 
Journ.  V.  %ii.  p.  20,  and  v.  \nu  p«  1 12.     The  only  correct  nieait- 
ing  of  this  phrase  I  apprehend  to  be»  that  the  blood  exhibiti        | 
those  properties  ivhich  are  characteristic  of  life,  vix.  that  it  il         I 
contractile  and  sensitive  ;  for  that  the  blood  is  connected  with         ! 
the  vliat  actions  of  the  system  is  a  position  to  wliich  no  one 
can  object.     M.  Dumas,  who  is  a  zealous  defender  of  the  life  of         i 
the  blood,  EL  Phys,  t.  i.  p.  i54^.  et  seq.,   extends  this  property 
to  the  chyle  also ;  he  speaks  of  it  as  **  vivant  par  elle-m^me," 
•*  vtvant  de  sa  propre  vie  j"  t*  ii.  p.  4'5,  G;  and  I  conceive  tttat 
we  cannot  resist  the  conclusion  if  we  admit  the  premises.     Il        I 
may  be  said  that  the  contest  merely  regards  a  difference  of  Ex- 
pression ;  but  in  answer  to  this  I  reply,  that  when  physiohiglsts 
state,  that  certain  effects  are  prodiiced  by  the  vital  principle, 
if  the  words  have  any  meaning,  they  must  be  intended  to  explain 
the  mode  in  which  the  effect  is  performed,  whereas  they  only 
tell  U(i  that  the  effect  in  question  is  the  result  of  vitality,  a  pro* 
position  of  the  truth  of  which  no  one  can  doubt,  but  which 
affords  us  no  insight  into  the  nature  of  the  operation.     Waving, 
however,  any  objection  that  there  may  be  against  the  lerro, 
vital   principle,  and  employing  it  as  synonymous  with  life  or 
vitality,  it  will  be  found  that  it  has  been  of>en  used  in  a  vagtie 
and  inappropriate  manner.     It  neither  bestows  upon  a  living 
body  its  specific  properties^  nor  is  it  the  oonsequeiice  of  tfaeie 
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that  these  phenomena  differ  essentially  among  them- 
gelres,  so  that  if  we  make  this  want  of  resemblance 
the  bond  of  union,  we  proceed  upon  the  funda- 
mentally ciToneous  ^plan  of  gencralining  specific 
differences,  or  assofiating  phenomena,  not  because 
they  resemble  each  other,  but  because  they  cannot  be 
reduced  luuler  any  other  class.  \Vc  may  thcii  cou-. 
eludes  that  when  it  is  Asserted  that  the  blood  resists 
decomposition  in  consequence  of  the  operation  of  the 
vital  principle,  if  the  phrase  have  any  definite  mean* 
ing,  it  is  saying  no  more  than  that  the  blood  is  not 
decomposed  because  it  is  contained  in  the  vessels  of 
the  living  body,  an  assertion  which  no  one  will  be 
disposed  to  deny,  l)Ut  which  unfortunately  docs  not 

ph}penies,  or  the  result  of  organization ;  but  it  is  by  ihe  exiat- 
ence  of  these  propertks  that  Jife  is  indicated,  and  in  which  life 
consists.  There  are  certain  circumstances  ii^  which  the  living 
dijfers  from  tlie  dead  Animal ;  whether  these  circyinstancee  may 
he  all  resolved  iiiio  the  two  general  principles  of  contractility 
and  acDsibiJity,  is  a  point  for  fartlier  inquiry.  \Vc  have  a 
valuable  paper  by  Ferriar  **  on  the  Vital  Principle/'  in  which 
we  have  an  account  of  the  origin  ©f  the  doctrine  and  of  its 
Bucceaaive  tleveloptuent ;  Manchester  Mem.  v*  i.  p*  *il<J»  et  seq,  j 
h^  nbaerres  ^  it  it  evident  that  we  gain  nothing  by  admttliiig 
the  eupposition,  as  no  distinct  account  is  given  of  the  nature  or 
production  of  this  prineiplej  &c.  ;*'  p,  240.  Sir  Ev-  Home 
makes  an  observation  which  cannot  be  too  strongly  imprct^sed 
upuQ  ibe  mind  of  the  physiologist ;  **  it  seems/'  he  says,  **  to 
be  a  rule  of  the  animal  cecoaomy  that  the  laws  of  \We  should 
not  be  employed  when  the  mechanical  or  chemical  laws  of 
matter  will  answer  llie  purpose  j"  Lcct,  on  C^mp*  Anal.  f.  u 
p.  477. 
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throw   any  light   upon  the  subject  of  our  investi-j 
jation, 

I  conceive  that  the  present  state  of  our  kuowlc 
iocs  not  admit  of  our  giving  a  satisfactory  answer  tol 
this  question,  but  so  far  as  we  are  able  to  understaudJ 
lit,  I  thiuk  it  is  very  evident  that  it  depends  upon  no 
single  cause   or  principle,  but  upon  the  conjoined] 
operation  of  many  actious,  which  together  constitut 
ife,  or  by  the  operation  of  which  the  living  differs  ] 
irora  the  dead  animal.     The  regidar  supply  of  fresh  ] 
laterials*  as  furnished  by  the  digestive  organs,  the! 
removal  of  various   secretions   and    excretions,   audj 
astly,  the  abstraction  by  the  lungs  of  the  superfluous  i 
rbon   and  water,   effects  which  depend   upon  the 
inited  action  of  both  chemical,  mechanical,  and  vital] 
ictious,  are  among  the  vaiious  causes  whicli  probably 
U  contribute  to  the  ultimate  object.* 

*  The  doctrines  of  Hunter  on  the  subject  of  vitality  have  had  1 
BO  extensive  an  tntlucnce  upon  the  opinions  of  the  Engh'sh  phy* 
aiologists,  that  it  becomes  a  question  of  no  small  interest  to  J 
ascertain  them  with  accuracy.  But  even  the  tnost  derotedl 
admirers  of  Hunter  admit,  that  this  eminent  physiologist  waf  I 
not  fortunate  in  the  explanation  of  bis  principles,  and  that)  taj 
justice  to  his  memory,  when  speaking  of  his  theoriea,  wc  should  j 
not  take  his  literal  expresf^ions,  but  the  general  scope  and  tenor] 
of  Jiis  doctrines.  Nor  sbaH  we  find  our  di^culties  removed  m 
the  expositions  thai  have  been  given  of  them  by  his  co 
nicntators*  I  cannot  but  think  that  Mr.  Aberncthy  has  attributed] 
lentimcnts  to  Hunter,  which  are  not  fairly  to  be  ascribed  i 
hiiu«  Idontifying,  as  it  appears,  his  own  ideas  with  those  i 
Huntcr»  Mr.  Aberncthy  expressly  states  his  opinion  thail 
'*  irritability  is  the  cflect  of  some  subtile^  mobilci  invisible  sub* 
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-  The  next  of  the  remote  effects  of  respmition  which 
i^ete  enumerated  ahove,  is  the  share  which  it  has 
leen  supposed  to  have  in  completing  the  process  of 
assimilation.  Arterial  is  said  to  differ  from  venous 
Upod  in  containing  a  larger  proportion  of  crassa- 
mentum,  and  as  we  conceive  that  the  crassamentum  is 
immediately  produced  from  the  chyle,  which  enters 
iJie  vessels  just  before  the  blood  is  exposed  to  the 
actimi  of  the  air,  it  has  been  supposed  by  Cuvier^^ 


I  superadded  to  the  evident  structure  of  muscles,  or  other 
fonn  of  vegetable  and  animal  matter,  as  magnetism  is  to  iron, 
and  as  electricity  is  to  various  substances  with  which  it  may  be 
coiuiected.''  Inq.  into  Hunter's  Theory,  p.  39-  He  afterwards 
derelopa  at  some  length  the  reasons  which  induce  him  to  regard 
electricity  as  the  immediate  cause  of  the  phenomena  of  life ; 
p.  38. .  44r.  Although  not  exactly  a  believer  in  the  existence  of 
the  aniDoal  spirits,  he  thinks  that  the  narves  contain  **  a  subtle 
and  mobile  substance ;  *'  p.  69 ;  and  he  finally  concludes  that 
<<  if  the  vital  principle  of  Mr.  Hunter  be  not  electricity,  it  is 
something  of  a  similar  nature ;  '*  p.  88.  Nothing,  it  will  be  ob- 
served, can  be  more  explicit  than  Mr.  Abemethy's  declaration, 
that  life  consists  in-  an  independent  material  agent,  superadded 
to  the  visible  corporeal  frame,  yet  I  conceive  it  would  be  difficult 
U>  prove  that  such  was  the  conviction  of  Hunter^  although  he 
might  occasionally  indulge  in  some  speculations  of  this  nature. 
In  Duiiean*s  Med.  Com.  v.  ii.  p.  198.  .2,  we  have  a  brief,  but 
ccnrect  summary  of 'Hunter's  doctrines^  so  far  as  respects  the 
v^itality  of  the  blood. 

9  Covier  argues,  that  as  respiration  separates  carbon  and 
hydrogen  from  the  blood,  it  will  leave  in  it  a  greater  proportion 
^  utrogen,  and  as  respiration  maintains  the  contractility  of  the 
'y^tem,  it  is  probable  that  it  does  it  by  leaving  a  greater  pro- 
P^rton  of  that  body  in  which  alone  contractility  resides  ; 
^-^ons,  t.  L  p.  91|  2.  See  also  Young's  Lect.  v.  i.  p.  789; 
^OL.  II.  O 
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that  tiie  conversion  of  chyle  into  flbriue  is  one  im- 
portant office  which  is  served  hy  the  lungs.  Nor  i$ 
it  improbable  that  there  may  be  a  foundation  for  this 
opinion^  yet  it  ap|>ears,  upon  the  whole,  more  analo- 
gous to  the  usual  operations  of  the  animal  oeconomy, 
to  ascribe  the  effect  rather  to  secretion  than  to  respi- 
Vatiou  ;  and  as  to  the  greater  proportion  of  it  in 
arterial  blootl,  even  were  the  fact  completely  eeta- 
blished,  it  ought  j)erhaps  to  be  referred  more  to  the 
abstraction  of  a  portion  of  the  water  and  serum  in 
the  lungs,  aud  to  a  deposition  of  crassaraentum  by 
die  capillaiy  arteries  that  are  distributed  over  the 
muscles,  than  to  the  production  of  it  in  the  pul* 
monary  vessels.  At  the  same  time  we  may  admit, 
that  the  removal  of  carbon  from  the  blood,  diuring  its 
passage  through  the  luugfi,  ^vil1  tend  to  bring  it  into 
that  condition  which  fits  it  for  the  purpose  of  repair'^ 
iog  the  necesijarj'  waste  of  the  body,  and  maintaining 
the  various  functions  in  their  perfect  state, 

Tlie  hypothesis  that  was  adopted  by  the  older 
physaologi^ts^  and  which  was  embraced  by  BoerhaavCf' 
that  the  blootl,  in  its  passage  through  the  Ittngit 
receives  its  peailiar  organization,  and  especially,  thst 

Tlioinion*8  Chem.  v.  v.  p.  6^H.  0;  an  J  Proiit,  Ann.  PbiL  v.  xiii 
p.  278.  Van  Swcitett,  m  bis  comuicntary  to  ihe  U7U»  Aphoriioii 
observes  that  the  air  may  have  some  efibcl  in  astiintUliott  •oil 
aangui6f€atiou ;  u  i*  \r,  1^6*  1-  WHea  ihe  old  phjtiabfifU 
ftpeak  of  u  pabulum  vit«c  existing  in  the  air,  tlicy  proVftU/ 
aUached  no  very  dt; terminate  meaning  to  the  cxprttttioiit  but 
they  da  not  appear  to  liave  intended  to  detignaUi  by  it  a  aairi- 
tivc  iub«tance. 
'  Ffffiltcr^  not*  ad  k  ^00  i,  U.  p,  ^ ;  i  flO.  p.  J  15»  <k 
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ill*,  nk  gltbiilbifaM  jicoeratcd  hf  the  aetion  of  the 
iir  uptiii  it»  wUlo  it  oictiktct  thxongfa  the  pulmrairy 
inwelflk  k  eptirelj  without  proo^  and  appears  to  have 
heem  firaed  ptiiicqNilly  became  it  wat  difl&cult  to 
asaign  any  other  effect  which  the  air  f9ould  produce 
upon  theldood. 

Theie  ia  a  smgnlar  state  of  the  system,  to  which 
ccrtaia  jmiaals  aie  incident,  which  is  dosely  man 
BMted  with  the  respiration ;  the  apparent  suspeniiob 
ef  the  greatest  part  of  their  functions  by  eold,  con^. 
stittiting  what  has  been  termed  torpidiiy  or  hybenuu 
tioB.  It  ^>pesBr8  not  to  be  confined  to  any  peculiar 
anatomical  structure^^  nor  to  any  one  of  the  great 
daasea  of  animals,  but  seems  rather  to  exist  in  all 
eaaaa  wh(ffe  the  $itaation  or  circumstances  of  the  ia* 
fifidoal  render  it  necessary  finr  them  to  pass  a  portion 
ef  fte  year  in  the  torpid  state^  thus  affording  us  ssi 
iQflght  rather  intp  the  final,  than  the  efficie^t  cause. 
It  has  been  gsnexdSXy  supposed  to  bear  a  dose  analogy 

»  Edmpfa  ior  riafliwnce  Ac.  p.  471*  2;  clso  p.  148,  wbsr^ 
tm  fJMs  a  list  9f  tfie  aniaialft  thai  bscofna  torpid  in  the  cKaisle 
sf  Fiaacai  Sir  A«  Cartisle  hat  indeed  descffibed  a  peculiar  oon- 
JNTwalinn  ia  ti«»  erect  veins  of  the  hyberBatiag  maaunalia;  but 
this  deetfietappesr  to  be  ftmnd  io  tlie  other  cisfaes  of  auinuds, 
per  Is  it  rmj  eb^ioiis  what  purpose  il  senresi  Phil.  Trans,  for 
U05,  p.  VfJ  See  also  Fleauag't  Phil,  of  Zoology,  v.  ii.  p.  45« 
eteeq.  Ctifier  iafonas  us  that  some  bjbemsthif  aninab  have 
esMia  fiitlf  appeodages,  connected  with  the  ibddminal  viscenii 
vhieh  prahaUjr  serve  to  retain  the  beat  of  the  iintemal  psrtsi 
hit  ha  lemtriU  that  this  stnictiire  is  bj  ne  SMans  general ; 
ief .  dPAaas.  eaatp*  t»  iv.  p.  9)^  H 
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to  slecp,^  and  although  I  appreheiid  wc  shall  find 
that  the  idea  has  been  carried  too  far,  yet  to  a  certain 
exteuti  it  appears  to  exist,  and  consequently  the 
states  of  sleep  and  torpidity  may  tend  mutually  to 
illustrate  each  other. 

Although  in  the  toqiid  state  all  the  powers  and 
fiinctions  arc  more  or  less  affected,  yet  it  would 
appear  that  the  respiration  is  that  in  which  the 
change  is  first  experienced.  In  proportion  as  the 
animal  becomes  torpid,  the  action  of  the  lungs  is 
diminished,  until  it  very  nearly,  if  not  altogether 
ceases,^  the  circulation,  as  well  as  the  functions  of  \ 

3  Elliotson's  notes  to  Blumeobach's  Pliy&iol*  p*  182 ;  Rcere' 
|«»n  Torpidily,  p.  136, 

*    Spallanzani,  Mem.  p*    77,   107 ;    Fleming**   ZooK   r*  n,  ^ 
Fp*  53,  6;  Reeve  on  Torpidity,  §  3.  p.  2L   et  «eq.;  Edn 
rde  I'lnHuence  &c.  p*  14^9*     Mr.  Ellis  has  observed  t  hie  to  be  the  J 
I  ca«e  with  snails ;  the  authors  who   have  described  the  state  of 
[torpidity  do  not  quite  agree  respecting  the  fact,  whether  the 
respiration  be  entirely  suspended  when  the  torpor  ii  complete- 
On  the  one  hand  we  might  suppose  it  was  the  case,  as  Spallan* 
iiant  infonns  us,  Mem.  p.  6S«  109,  Rapports,  t*  ti.  p«  30T«  lliat 
[torpid  animals  are  not  affected  by  being  immersed  in  carbonic 
^acid,  or  other  noxious  gases.     Yet,  on  the  other  hand,  he  cny^ 
that  they  slightly  deoxidate  the  air,  an  effect  which  he  aupppicJ 
may  be  produced  by  the  skin  ;  p.  77-     1  should,  howercr,  coQ-- 
ceive  that  the  action  of  the  skin  coutd  not  continue  in  the  Uvins 
animal  I  af^er  thai  of  the  lufigs  was  sutpended.     With  respecc- 
to  tome  of  the  lower  tribes  he  states^  that  caterpillars,  whei» 
perfectly  torpid^  do  not  affect  Uie  air  in  any  perceptible  degree  % 
Ilapporta,  f*  l  p*  30,  L     Fiahi  it  would  appear,  do  not  becmn^ 
perfectly  torpid,  but,  in  great  degrees  of  cold»  have  all  their 
fuoctioxM  weakened,  and  prcHluce  a  proportionably  leia  efeiri 
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digestion^    secretion,    and    absorption    are,   in    like 
manner,  nearly  suspended,^  and  the  temperature  is 
reduced  almost  to  that  of  the  surrounding  medium 
Various  opinions  have  been  formed  respecting  the 

upon  the  air ;  ibid.  t.  i.  p.  4rS7*  et  seq.  The  accQunts  that  are 
collected  by  Dr,  Fleaiiog  seem  to  indicutey  ihat  in  most  cases 
the  lungs  are  not  entirely  passive,  and  this  may  be  inferred  from 
the  remarks  of  Reeve.  The  same  was  likewise  the  result  of  the 
experiments  of  Mangili ;  Ann.  de  Mus.  t.  Ix.  p*  106.  et  seq. 
Bat  it  is  not  improbable  that  when  the  animals  are  disturbed  for 
the  purpose  of  experiment,  a  little  degree  of  action  may  be 
induced  in  the  pulmonary  organs,  which  did  not  previously  exist 
there.  The  results  of  Spallanzani  ^  experiments  on  the  respira- 
tion of  various  animals  of  the  lower  orders,  in  many  of  which 
the  effect  of  temperature  was  particularly  attended  to,  may  be 
found  in  the  *'  Rapports.**  t,  i.  p,  186,  7;  2*9,  0;  4'68. .  1, 

i  Haller^  El.  Phys.  xix*  2*  7.  We  have  a  curious  account  by 
Major  General  Davies^  of  the  jumping  mouse  of  Canada^ 
during  its  state  of  hybernation^  which  lasts  for  between  seven  and 
eight  months,  it  lies  closely  rolled  up,  and  completely  enveloped 
in  a  ball  of  clay,  and  in  this  state  lies  buried  some  inches  below 
the  surface  of  the  ground,  so  that  during  this  long  period,  all 
means  of  obtaining  nutrition  must  be  e^bctually  precluded : 
Lin.  Trans,  v.  iv.  p.  156.  et  seq.  In  tab.  8.  hg.  6,  we  have  a 
representation  of  the  perfectly  globular  form  whidi  the  animal 
assumes.  There  wa^  an  opinion  current  among  the  Uomanii, 
thai  dormice  became  fatter  during  the  state  of  hybernation  ;  see 
^lartial,  lib.  xiii.  ep.  59;  but  it  appears  from  Barrington,  that 
thiii  is  contrary  to  the  fact ;  we  also  learn ,  from  the  same  au- 
thority^ that  the  circulation  is  not  entirely  suspended  during  the 
hybernation  of  these  animals;   Miscellanies,  p.  167,  8. 

^  Hunter  on  the  Anim,  Qicon,  p*  lU.  et  seq, ;  Carlisle,  Phil. 
Trans,  for  1805,  p.  17;  Fleming's  Zool.  vol.  ii.  p.  50.  et  seq.; 
Reeve  on  Torpid,  p.  12. 
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cftiue  of  hybeinaiion;  for  although  there  sMned  to 
be  a  necesaary  caunexion  between  the  application  of 
a  diminislied  temperature  and  the  torpidity  of  the 
fiinctionsy  yet  wc  were  not  able  to  explain  why 
certain  animals  only  experienced  this  effect  from 
eold,  or  how  they  were  able  to  bear  this  suspension 
of  all  their  functions,  without  the  body  being  de- 
composed, or  its  powers  being  irrecoverably  de*. 
stroyed. 

An  explanation  of  the  first  part  of  the  difBciilty 
appears  to  be  atfordod  us  by  the  experiments  of 
M.  De  Kaissy,  who  found  that  hybemating  animals 
possess  the  power  of  producing  heat  in  a  less  degree 
than  other  animals  with  warm  blood,^  so  that  when 
the  atmospheric  temperatiue  fUls  lielow  if  certain 
standard,  which  is  uniform  for  each  sj>ecies,  their 
animal  heat  declines  to  a  degree  which  is  unable  to 
support  their  contractility,  and  of  course  all  the  func* 
tions  that  depend  upon  it.  What  pecidiarity  it  ia 
in  theae  animals  which  enables  them  to  maintain  their 
vital  powers  in  the  dormant  state,  seems  still  very 
difficult  to  explain  ;  but  this  subject  will  be  eonsi- 
deretl  with  more  advantage  when  we  have  pro* 
oeeded  farther  in  our  exanunation  of  the  variousj 
functions. 

There  is  another  curious  inquiry  connected  \s[il 
the  function  of  respiration,  how  is  the  change  in  iU 
blood  effected  in  the  ftttus  ?  The  foetal  heart  is  sui 
plied  with  blood«  wliich   exhibits  the  arterial  p^ 

7  Edwardj^  d'lnfluence  Stc*  c.  iii. 
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perties,*  and  gives  the  muscular  fibre  sufficieut  con- 
tractility to  maintain  the  circulation,  before  the  air 
can  have  access  to  tlie  luugs ;  w  hence  then  does  the 
blood,  in  this  case,  acquire  its  oxygen,  or  by  what 
means  does  it  discharge  its  superfluous  quantity  of 
carbon?  This  point  has  been  long  the  subject  of 
(Hscussion  among  physiologists,  and  notwithstanding 
some  important  observations  that  have  been  made 
respecting  it  by  the  moderns,  we  shall  find  that  it 
still  requires  farther  investigation.  The  luugs  of  the 
fcetus  are  in  an  imperfect,  or  rather  in  a  partially 
developed  state,  and  must  be  regarded  as  one  of 
those  organSj  the  object  of  which  is  prospective.  I 
have  already  had  occasion  to  describe  the  peculiarity 
of  the  foetal  circulation,  which  essentially  consists  in 
a  small  portion  only  of  the  blood  being  transmitted 
through  them ;  ^  we  shall  also^  find  that  the  blood 
does  not  experience  that  change  in  them  which  is 
effected  after  birth,   while,   at   the  same  time,  we 

*  Although  this  U  the  opinion  which  i8,  I  believe,  generally 
entertained,  jet  it  »  necesj»ary  to  observe  that  there  are  mme 
physiologUts  of  great  eniinence,  who  do  not  ndmlt  that  any 
difierence  can  be  observed  in  the  different  part^  of  the  f<?tal 
Uoodt  correq>onding  to  the  artt?rinl  and  venous  states.  See 
Btchat,  Sur  la  Vie  &c.  p.  190,  I  ;  and  Anat.  gen.  t  ii.  p.  344 ; 
Cuviert  Le9ons>  t.  iv.  p,  298;  BerxeliuS:,  Anim.  Chem,  p*  41  ; 
Youisg^s  Med.  Lit«  p.  505 ;  and  Magendie,  Physiologies  t.  JL 
p  438*  I  cannot  but  feel  surprise  at  such  an  opinion, ^as  in 
tome  cases  where  I  have  had  an  opportnnrty  of  examining  the 
tatlus  immediately  after  its  extraction  from  the  uterus,  the  dif* 
fer«nt  cdoura  of  the  blood  in  the  funis  appeared  quite  obvious, 
thus  agreeing  with  the  observations  oi^  Dr.  Jeffiray ;  De  Placenta, 
f.  41. 

V  Voh  i*  p.  S66.  ei  feq* 


^ 
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observe  this  same  change  to  take  place  iu  a  diflerent 
organ.  The  fo^tos  is  connected  with  the  mother  by 
a  large  cellular  mass,  spread  over  the  internal  surface 
of  the  uterus,  and  which  consists  essentially  of  two 
parts,  termed  from  their  connexions,  the  foetal  and  the 
maternal  placenta,  each  of  them  being  attached  to 
the  circulation  of  the  foetus  and  the  mother  re- 
spectivelvt  but  which,  so  far  as  we  are  entitled  to 
judge  from  various  experiments  that  have  been  pci 
formed  expressly  to  decide  the  question,  have  n^ 
direct  vascular  connexion  with  each  other.'    We  fiui 


^ 


*  Hallefy  El.  Phys.  xxjjt,  3.  28 ;  Blumetihach'a  InsU  Phjsiol. 
§  575,  p.  320  ;  Mageadie,  PhysioU  t.  ii.  p.  MS  ;  Monro's  (terti 
Elem*  V,  ii.  p*  608 ;  See  also  Darwin's  Zoonomta,  v.  i*  sect*  3 
Jeffray,  de  Placenta,  p.  32 ;  Murat,  Art.  "  FcEtu«,"  in  Di 
Scien.  Med.,  where  the  reader  may  find  a  more  copious  tb 
select  li&t  of  references.  MM*  Prevost  and  Dumas  annou 
the  curious  diiicovery,  that  the  red  globules  in  tlic  blood  of 
fcetus  diftler  in  their  form  and  vofunie»  from  those  of  the  adult, 
the  former  being  double  the  size  of  the  latter;  this  fact,  if  il 
he  confirmed  I  must  decide  the  question  respecting  the  va^cul 
communication  in  the  negative ;  Ann.  Chim.  ci  Phys.  t  xx 
p.  lOS.  The  in^tances>  which  are  not  fretpienlly  met  with, 
(*\tra- uterine  foetu^ses,  appear  io  furm:»li  a  Kirong  argument 
against  the  existence  of  a  direct  vascular  communication, 
fcetal  placenta,  in  these  cases,  attaches  to  any  part  of  the  oh 
minal  viscera  to  whidi  it  is  contiguous^  and  in  Uiis  state 
fifitus  gro#t  and  is  nourtshedi  although  it  is  obvious  that  it  can 
have  no  vascular  connexion  with  ihe  organs  to  which  it  i 
attached.  An  example  of  this  kind  is  detailed  by  Dr,  Bail 
with  that  perispicuity  and  correctness  which  are  so  characterisl 
of  the  author;  Works,  by  Wardrop*  v-  i.  p.  226.  et  scq.  Sai 
cases  afibrd  us  very  interesting  examples  of  tJie  powers  of 
vystem  to  adapt  themselves  to  extraordinary  circuaistanceSt 
consequence  of  their  assuming  vicarious  functioos* . 


I 
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however,  that  die  blood  ivhich  is  tent  fioiii  the  foetus 
along  the  umbilical  cord  to  the  placenta  in  the 
renous  state  is  returned  in  the  arterial  state,  so  that 
we. are  justified  in  concluding  that  this  organ  supplies 
the  place  of  the  lungs,  or  produces  the  chemical 
change  in  the  blood  which  fits  it  for  the  support  of 
Kfe. 

It  is  no  doubt  difficidt  to  conceive  how  this  can  be 
accomplished  without  a  direct  vascular  commuhica* 
lion,  and  we  can  only  account  for  it  by  supposing 
tbat  the  minute  vessels  of  the  placenta,  like  those  of 
the  lungs,  are  capable  of  absorbing  and  ethaliug 
through  their  coats,  the  substances  necessary  ibr 
effecting  the  change,  the  arteries  of  the  maternal 
placenta  exhaling  oxygen  and  absorbing  carbon,  while 
those  of  the  fcetal  placenta  perform  the  reverse  opera- 
tion.'*    It  must  farther  be  remarked^  that  a  small 

^  Mayow  appears  to  have  been  the  first  who  entertained  a 
correct  .opinion  respecting  the  use  of  the  placenta,  as  an  organ 
supplimentary  to  the  lungs ;  he  also  extended  his  views  to  the 
chick  in  ovo;  Tract,  p.  131,  ct  seq.  He  had  not,  however*  a 
very  clear  conception  of  the  manner  in  which  the  nitro-aeriai 
particles  were  obtained  by  the  blood  of  the  foetus,  or  by  the 
fluids  of  the  egg,  p.  313,  318,  322.  Kay  states  his  opinion  on 
tbis  point  very  clearly ;  he  says  that  the  foetus  <'  receives  air 
. .  from  the  maternal  blood  by  tlie  placenta  uterina. .  /*  an  opinion 
which  he  informs  us  he  obtained  from  Dr.  Ed.  Hulse ;  Wisdom 
of  God  &c.  p.  73.  This  doctrine,  after  that  period,  seems  to 
have  .been  almost  forgotten  or  neglected,  until  near  the  end  of 
tlie  last  century.  Before  that  time  the  placenta  was  regarded 
Ml  an  organ  .of  nutrition,  and  the  great  subject  of  controversy, 
was,  whether  the  foetus  was, nourished  entirely  by  this  organ,  oc 
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qiuuitity  of  effect  is  all  tliat  we  require  in  the  case 
of  the  foetus,  some  of  its  fimctions  being  not  yet 
called  into  action »  and  the  remainder  acting  only  in 
a  very  limited  degree^  the  mother  still  supplying  the 
wants  of  the  foetus  and  superseding  many  of  those 


by  the  placenta  in   conjunction  with  the  mouth,     A  good  view 
of  the  state  of  opinions  In  the  earlier  port  of  the  last  century 
may  be  found  in  two  papers  in  Uie  1st  and  2d  vol.' of  tJie  Edio* 
I  burgh  Medical  Essays,  by  Gibson,  vol.  I,  p,  171*  et  aeq,^  who 
maintained  that  the  foetus  is  nourished,  partly  by  the  placeotti 
and  partly  by  the  liquor  amiiii^  and  by  Monro,  Primu8>  %^o1*  tt* 
I  p.  121.  et  seq.,  who  argued  that  the  placenta  is  the  only  organ 
;  concerned.      Neither  of  these   writers  had   any  idea  of  thi 
I  i^lacenta  being  an  organ  sypplinientary  to  the  lungB»  nor  do  thei 
[  contenjporarits    in  general   seem  to  have   been   awafe  of  thi 
j  necessity  of  any  such  organ.     I  may  remark  that  Mayow  sup4^ 
p09ed  the  placenta  to  perform  the  office  of  nutrition,  as  well 
to  produce  the  appropriate  change  in  the  blood;  p.  S19|  S2S^ 
Some  physiologists  who  conceived  it  necessary  that  the  bkxMl 
should  be  purgeil  or  purifiedi   as  they  expressed  it,  during  the 
course  of  the  circutation^  supposed,  from  the  great  size  of  lh# 
Hver^  that  it  performed  this  office.    Haller  discusses  the  questioa 
concerning  the  share  which  the  placenta  has  in  the  nutrition  of 
the  fcetus,  El.  Phys.  xxix.  3,   1U>  1 ;  he  dismisses  the  inquiry 
respecting  any  farther  use  which  the  placenta  may  serve  in  m 

few  words*  and  althougii  he  refers  to  Mayow,  he  does 
attach  any  importance  to  his  doctrine,  (  S7.  Sir  E.  Home  gives 
uj  an  intert sting  account  of  the  mode  in  which  the  blood  of  the 
fcEtus,  in  the  various  classes  of  animals,  is  enabled  to  undergo 
iu  appropriate  change,  either  by  being  exposed  to  the  acUoo  at 
the  atmonphcre,  as  in  the  case  of  the  eggs  of  birds,  of  walit' 
containing  a  portion  of  air  dissolved  in  at,  as  In  various  spedei 
of  aquatic  animals,  or  of  the  arterial  blood  of  the  mother,  as  ill 
the  mammalia ;  Phil.  Trans,  for  1810|  p.  HIS, ,  7* 


M 
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'  A  very  clear  description  of  ihe  niotlem  doctrine  on  this 
ubject  is  given  by  Dr,  Jeffray^  in  his  Thesis  de  Placenta ;  a 
rotk  which  contains  a  judicious  summary  of  the  opinions  that 
«d  been  previously  entertained  upon  the  subject,  together  uitTi 
laiiy  important  original  observations.  We  have  some  valuable 
eroarkjs  in  Bichat;  Anat.  gen.  t.  i.  p.  348 ;  and  Sur  la  Vie  Stc*, 
,  82.  et  seq. ;  mixed  up,  however,  with  much  incorrect  hypo- 
Neifift  depending  upon  the  metaphysical  ideas  which  he  enter* 
Itnetl  respecting  the  relation  between  tl»e  vital  functions. 
fttyow  was  quite  aware  of  the  degree  in  which  the  fiinctions  of 
!liS  mother  superseded  those  of  the  ftctus,  p.  322;  he  limits 
bo  iiGtiofis  of  the  feet  us  almost  exclusively  to  the  power  of 
lipporttng  Its  muscular  contractility,  and  I  may  remark,  that 
f  an  arterialized  state  of  the  blood  be  necessary  for  muscular 
ootraction^  it  is  essential  that  the  fostal  blood  should  experience 
B  equivalent  change,  to  main  rain  the  action  of  its  heart.  We 
imve  some  judicious  observations  by  Mr.  Coleman  on  the  state 
tf  the  fcetal  circulation,  as  connected  with  its  other  functions, 
Miiert.  p.  48.  et  seq,;  See  also  Legallois,  Sur  la  Vie,  p.  S48,  9, 
rti  the  fcBtal  functions.  Dr.  Edwards  found  the  temperature  of 
even  months'  child   to  be  only  89^** ;   De  I'lnfluence  Arc. 

Since  writing  the  above  remarks,  I  have  perused,  in  the  last 
mmber  of  the  Edinburgh  Medical  Journal,  an  account  of  the 
^periments  of  Dr.  Williams,  of  Liverpool,  the  object  of  which 
i  to  prove  the  existence  of  a  direct  communication  between  the 
latiguiferous  vessels  of  the  mother  and  the  foDtus,  He  operated 
jpon  dogs,  and  the  plan  which  he  pursued  was  to  open  a 
iregnant  animal,  immediately  after  it  had  been  deprived  of  life, 
fhile  the  capillanes  might  still  be  supposed  to  retain  their 
contractility,  and  to  inject  oil  of  turpentine  coloured  with 
tlkfuiet  root  into  the  descending  aorta.  When  the  blood  of  the 
nother  was  supposed  to  be  sufficitntly  impregnated  with  the  oil, 
;  of  the  pups  was  removed  from  the  uterus,  and  its  vessels 
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The  state  of  the  cliick  during  incubation,  although 
differing  so  considerably  in  its  anatomical  structure 

being  opened,  a  poitlon  of  the  oil  was  found  to  Imve  entered 
Into  them.     It  wa£  detected  either  by  suiermg  the  blood  of  the 
fcetus  to  drop  upon  paper,  to  which  it  imparted  a  greasy  staifi« 
or  the  vessel   was  opened  under  water,  in  which  case  small 
globules  of  oil  were  observed  floating  upon  the  surface*     Being 
in  Liverpool  in  tht*  autumn  of  1824",  in  company  with  Dn  Rogett 
we  were  present  at  one  of  these  experiments*     This^  howerer, 
as  Dn  Williams  candidly  admits,  was  not  successful,  owing,  in 
a  great  measure,  as  he  supposed,  to  the  size  of  the  animal  upon 
which  he  operated,  being  too  large  in  proportion  to  the  syringe 
and  the  quantity  of  injection  which  was  employed.     We  also 
suggested  that  the  result  was  liable  to  deception,  ia  consequence 
of  the  puculiarly  adJiesive  nature  of  the  oil,  which  would  cause 
it  to  adhere  to  the  apparatus  or  the  fingers  of  the  operators,  and . 
luigltt  thus  be  accidentally  smeared  over  the  surface  of  the  pup>- 
or  in  same  way   interfere  with  the  result.     Dr.  Williains  has   — 
since  endeavoured  to  obviate  this  objection  by  using  rape  oil,  and.^.-- 
by  afterwards  carefully  washing  the  animal  in  an  alkaline  solution—    - 
An  experiment  is  related,  in  which  these  precautions  were  em— — 
ployed,  yet  where  tlie  oil  was  still  detected  in  the  blood  of  the--- ^ 
foctust     The  experiment  is  one  which  leads  to  such  important^  — 
conclusions,  that  I  sliall   offer  no  apology  to  the  author  for^ 
making  my  remarks  upon  it  without  reserve.     In  the  first  place^    ■* 
the  oil  does  not  seem  capable  of  penetrating  into  tlie  vessels  oE^^ 
tlie  foetus,  unless  it  he  employed  in  considerable  quantity,  aniL^ 
injected  with  considerable  force;  is  there  not  therefore  some — " 
reason  to  suspect  that  there  may  have  been  a  rupture  of  the 
delicate  cellular   texture   which  is   supposed   to  separate  the 
maternal  from  the  foetal  vessels?     2d.  Kot%vithstaudiiig  the  ca 
lliat  was  taken  to  wasli  off  tJie  oil,  I  conceive  that  it  must 
very  difficult  entirely  to  retnove  this  cause  of  inaccuracy;  it 
would  therefore  be  desirable  to  eD!4}Ioy  some  other  substance* 
that  is  not  liable  to  this  objection,  which  might  be  dissolved  or 
stupcnded  in  tlie  blood  of  the  inpthcr  aad  afterwards  detected 


Chick  in  Ovo. 


and  arrangements  of  the  parts,  physiologically  cou- 
sidered,  bears  a  close  resemblance  to  the  foetus  in 
iitero*  We  hare  here  an  organ  analogous  to  the 
placenta,  in  the  form  of  a  fine  net-work  of  vessels 
distributed,  on  the  extenial  surface,  of  the  contents 
of  the  egg,  which  receive  the  blood  troni  the  embryo 
in  the  venous  and  return  it  in  the  arterialized  state, 
the  shell  being  provided  with  a  number  of  pores, 
which  pem^it  the  air  to  act  upon  the  blood,  atid  thus 
enable  it  to  undergo  its  appropriate  change.  Hence 
we  find  that  a  free  access  of  air  is  as  necessary  to  the 
evolution  of  the  chick  as  to  the  existence  of  an 
animal  with  lungs,  so  that  if  the  egg  be  completely 

Wthat  of  the  foetus,  by  menns  of  an  appropriate  chemical  re- 
ageoU  3d.  It  ficems  to  be  agreed  by  nil  anatomists^  and  is 
admitted  by  Dr,  Williams  himself,  that  mercury  cannot  be  made 
to  pass  froni  tbe  motlier  to  the  foetus,  without  an  obvious  es- 
tra^raiation  taking  place,  a  circumstance,  which  h  at  Jea^t  a 
pretumptioti  against  the  existeuce  of  any  natural  passage, 
through  which  the  oil  could  pass  from  one  system  of  vessels  to 
the  other.  4ih*  It  is  known  that  when  we  draw  oif  a  large  pro- 
portion of  the  blood  of  the  mother,  the  quantity  cf  blood  in 
the  foetus  does  not  appear  to  be  dimtnished.  5th,  Tbe  nature 
of  tbe  fcctal  circulation,  botti  as  to  the  quantity  of  the  blood, 
the  rapidity  of  its  motion,  the  number  of  its  red  particles  and 
other  properties  are  not  what  would  seem  to  indicate  that  there 
is  fo  very  minute  a  ciiannel  of  communication  between  the  two 
set£  of  YC£selS|  if  we  arc  to  regard  them  as  fornting  parts  of  tbe 
fame  circulating  system.  Should  future  experiments  confirm 
those  of  Dr,  Williams,  the  degree  of  effect  would  rather  indicate 
some  peculiar  connexion,  essential  indeed  to  the  existence  of 
the  foeius,  but  different  from  the  simple  circulation  of  the 
blood,  as  it  takee  place  in  die  other  parts  of  the  sanguiferous 
system. 


Effect  of  ascendii^g  high  Motmtains, 

ameared  over  witli  varniHli,  tlie  chick  is  as  efFectuallji| 
destroyed,  as  the  auimal  after  birth  would  be  b|ij 
I  iubmersion  or  sufFocatioo.^  :J 

There  is  a  subject  connected  with  the  effect 
I  respiration   on    the  living   system,   whieli    must   btt] 
noticed  in  this  place,  both  as  in  itself  sufficiently  I 
I  curioHS  to  demand  our  attention^  and  Ukewi^  becausi] 
it  has  been  supposed  to  throw  light  upon  the  theorjp 
Uf  respiration,  or  upon  the  mode  in  which  it  afiectt 
Itlie  vital  functiong.     I  refer  to  the  peculiar  seusationtj 
which  are  experienccil  at  great  elevations,     Thewi 
•ensationsi  have  been  supposed  to  be  connected  with  i 
[the  action  of  the  lungs,  both  becauae  a  change  ia 
[the  density  of  the  air  is  the  only  circunistance  to 
Lwhieh  they  can,  with  any  probability,  be  afisigned. 
and  because   the  respiration  appears  to  be  generally 
attected  by  any  change   of  this  kind  to  which  tha 
lnng»  are  subjected.     The  eft*ect  produced  by  aaoeiicU 
ing  high  motmtains  was  distinctly  noticed  by  Boyle  i 
he  ascribes  it  to  the  rarefaction  of  the  air,  but  lie 


♦  Blumcnbacirs  Compar-  Phywol.  by  Lawrence,  p,  489 1 
^Faris  QUI  the  Pbyiiology  uf  the  Egg,  Ann*  PhU.  v*  Ji.  N.  8* 
p.  %,  el  set)*  Ai  wilt  remarked  above,  we  are  indebted  to  Mayow 
for  llie  fiist  clear  conrefHion  of  thit  Bubject,  although  on  aome 
mioor  fiotnt«  hts  opinion  h  probably  not  correct*  Sir  Ev.  Hetne 
hia  given  Uft  a  sertca  of  very  intereiUiig  engravlags,  exhibitilig 
the  progrca»ivc  changea  which  the  egg  undergoei  during  incu* 
bitteo ;  Phil  Trann.  for  1892.  p.  SSD.  et  aeq*  I  muat  not  eroh 
to  mention*  that  in  two  very  elaborate  artkiea  in  Ueea'a  Cyde« 
p^Ha,  **  Egg"  and  **  inoubiition/'  the  doctrine  mabCaiMd 
m  Uie  lextt  reepcciing  the  t^uon  of  t)»e  air  tipoa  the  blmi  6f 
the  chick  in  ovOf  is  controverted  in  all  iis  parts. 
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does  not  satisfactorily  explain  how  rarefied  air  should 
produce  the  feelings  which  are  experienced.'  Ilaller,^ 
with  bis  usual  diligence,  has  collected  accounts  from 
various  travellers  who  have  ascended  high  mountains, 
but  the  result  of  their  testiiiiony  seems  to  be  adverse 
to  the  supposition  t]iat  any  pecidiar  or  specific  effect 
is  produccrd  in  these  situations  from  the  state  of  the 
air.  He  also  iufonns  us  that  this  wau  the  case  with 
himself,  in  his  expeditions  among  the  Alps;  he 
fajrther  observes,  that  in  many  parts  of  Switzerland, 
there  are  individual  permanently  residing  at  very 
considerable  elevations,  without  experiencing  any 
ioconvenience,  and  it  may  be  added  tliat  this  still 
more  remarkably  takes  place  in  8omc  parts  of  the 
E.  Indies  and  S.  America/  It  is  also  stated  that 
BO  effects  of  an  analogous  kind  have  ever  been 
noticed  with  respect  to  the  different  species  of 
animals  that  are  found  in  these  r^^ons.     Haller  ii 


^  Work^t  i*  105«  0;  iii.  STI-*  5.  The  iudividuak  to  whom  h^ 
refers  experienced  attectiont  of  the  stomach,  aa  wen  as  pf  Uic 
lu[>g«.  It  Is  also  noticed  by  Mead,  who  ascribes  it  to  extreme 
rarity  of  the  air,  so  tliai  enough  of  it  cannot  be  taken  into  the 
lungs  to  innate  them ;  Works^  v*  i*  p.  181. 

^  El*  Fhya.  viii.  o.  7- 

7  According  to  Lieut*  Gerard^  Marang,  a  large  town  on  the 
Sullej,  k  8>500  feet  above  the  level  of  the  ocean,  and  Skipk^ 
9/X)0  feet,  GeoL  Trans,  v.  i.  N.  S.  p.  128,  9;  the  TiUaga  of 
Mifang  1  Oil 65  feet,  Edin.  Phi)*  Journ*  v.  x.  p.  30*2,  and  Nako 
U»550  feet;  he  farther  »tates  that  fields  are  cultivated  at  an 
elevaUoa  of  13^000  leei;  Brewster 'g  Jourii.  of  Science,  y,  i 
p*  il .  ei  mq.  The  height  of  the  city  of  Quito  i»  mU  ia  be 
above  9|000  feet  i  Jatnesoo's  Miner.  ?•  iii.  p.  3^3, 


'  ObdermiimiB  of  Sauuun. 

ifipoeed  to  ascribe  the  peculiar  seiiBatious  which  hm 
ibeeu  occasionally  felt  upon  ascending  high  mountaiui 
ffather  to  excessive  fatigue  or  exhaustion  than  to  an 
.thing  specifically  depending  upon  the  state  of  thei 
[air,  an  opinion  which  had  been  prcvioudy  formed  byj 
^Bouguier,  from  his  experience  of  what  occurred  t 
tfchnself  on  the  Andes.** 

Saussure,  however,  who  has  given  ui  a  very  minut 
[account  of  his  own  sensations  on  the  Alps,  has  formed] 
La  different  opinion  on  this  subject,  and  may  at  least 
Flead  us  to  doubt  the  correctness  of  Haller's  con- 
t elusion.     When  he  was  at  the  height  of  above  8000 

!et  above  the  level  of  the  ocean,  he  always 

»  Saussure,  Voy.  dang  ies  Alpcs,  t.  vii,  p.  839 ;  Bouguier,  in  hii 
[abridgetl  narrative  of  llie  expedition  to  Pirichinclm,  undertakea 

Coiidamine,  lnmie}f  and  otliers,  ascribes  the  effect  whi» 

loinc  of  the  party  experienced  to  fatigue  rather  than  lo  nnj 

sculiar  state  of  the  respiratioti ;  but  the  symptoms  which  h^ 

[relates  do  not  justify   this  opinion ;  Mem*  Acad,  pour  1744|j 

p*  2GJ-     These  travellers  spent  three  weeks  on  the  summit 

be   mountain^  the  height  of  which  is    above   16,000  feet;  tl 

Ippears  that  they  were  less  ailected  after  remaining  for  sotPij 

lime  in  this  highly  rarefied  atmosphere.     In  the  history  prefixed 

'lo  the  volume  of  the  Mera.  Acad.  Scien.  for  tl>e  year  1705,  it 

stated  Uiat  Cas^ini  and  Maraldi  experienced  no  affection  of  iM 

■.breathing  at  an  elevation  where  the  the  atmosphere  potocwedl 

icarcety  more    than    half  of   its  ordinary  weight,   p«  i$.     ltk\ 

he  29tli  vol*  of  the   Phil.  Trans,  p.  SIT-  et  seq.  we  htre  ai 

account  by  Mr.  Lden  of  his  ascending  tlie   Peak  of  Teneriftb, 

in  height  of  above  12,000  feet ;  the  narrative  is  written  in  i 

ample  and  unaffected  style,  and  it  appears  from  his  remarksp 

bat  the  respiration  was  not  affected  ;  he  particularly  states  that 

the  report  is  false  about  the  didfculty  of  breathing  upon  thf 

tlop  of  this  place  J '*  p.  S24, 
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rienced  an  extreme  degree  of  fatigue  and  loss  of 
muscular  power,  and  this  differed  from  ordinary 
fatigue  in  its  coming  on  more  rapidly,  being  quite 
irresistible,  in  being  attended  mill  violent  palpita- 
tions of  the  heart  and  beating  of  the  arteries,  and  it 
vras  remarkably  distinguished  by  the  very  short  space 
of  time  in  which  all  the  impleasant  sensations  were 
removed,  so  that  in  two  or  three  minutes  he  seemed 
to  be  perfectly  recovered  from  a  state  of  complete 
exhaustion,  while,  almost  immediately  upon  resuming 
•his  exertions,  the  exhaustion,  together  with  the  total 
loss  of  muscidar  power,  was  again  experienced. 
Saussure  also  mentions,  as  one  of  the  specific  effects 
of  these  situations^  the  great  tendency  to  drowsiness, 
-which  is  more  than  proportionate  to  the  previous 
fatigue,  and  he  remarks  that  sleep  seized  them  im- 
.mediately  upon  their  being  at  rest,  notwithstanding 
all  the  inconveniences  of  their  situation,  and  the 
various  circumstances,  un&vourable  to  sleep,  with 
^which  they  were  surrounded.  He  informs  us  that 
^the  aflfection  exists  in  different  degrees  in  different 
^individuals,  and  that  it  is  less  observable  in  those 
»who  have  been  long  habituated  to  these  situations, 
although  they  are  not  exempt  from  it.^ 

I^he  accounts  that  are  giten  us  by  the  late  travellers 
among  the  Himalaya  mountains  anfl  the  Andes  are 
not  very  uniform,  with  respect  to  the  effects  of  these 
great  elevations  upon  the  respbration  or  the  other 
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9  Voyages  dans  les  Alpes,  t.  ii.  §  559., 561;  t.  v.  §  1280; 
Unl  5  2021. 

VOL.  II.  ? 


I 


2id 


Obier^iiihns  of  Moorerofi^  ^c. 


fonetions  of  the  body.  Mr.  Mooterbft,  in  hfe  jotlfttfy 
to  the  lake  filanasarovara,  unfortunately  does  liot 
notice  the  heights  of  the  countiy  through  which  hfe 
passed,  but  they  niust  necessarily  have  beeii  very 
considerable,*  He  informs  us  that  when  he  was  at 
the  village  of  Niti,  his  breathing  was  quickened,  and 
that  he  ^vas  obliged  to  stop  frequently  in  consequence 
of  the  increased  action  of  the  heart.-  He  experienced 
the  same  sensations  in  other  placies,  and  it  is  tesiarl^ 
able  that  his  breathing  was  often  oppressed  while  be 
was  lying  down,  and  especially^  just  before  fallilig 
asleep/^  a  circumstance  in  which  it  differs  tnaterildljr 
from  what  is  described  by  8aussure,  Th<^  diffiiult^ 
of  breathing  was  also  felt  by  Capt.  Webb,  when  hte 
visited  Niti,  and  he  farther  adds  that  horses  are  liabte 
to  it  as  well  as  men/  Lieut.  Gerard,  who  appears 
to  have  ascended  to  greater  heights  atnong  the 
Himalayas  than  any  other  individual,  mentions  that 
he  suffered  excessive  debihty  and  severe  heid  aebe» 
but  the  respiration  does  not  appear  to  have  beeh 
much  affected,  although  he  was  at  elevations  rf 
15,  16,  18,  and  even  of  19,000  feet;  indeed  in  the 
last  case,  he  expressly  states  that  he  attainecl  that 
great  height  "  without  much  diflBcuIty/'*  Ht^  is 
Well  as  the  other  travellers  among  these  raouttttois, 


■  Asiatic  Rei^archei,  v.  xil.  p*  375.  et  seq. 

a  Ibid.  p.  S97.  J  Ibid,  p,  S99,  407,  8,  9*  il2,  4. 

«  Quart.  Journ*  v.  ix.  p,  65, 

>  Geol.  Trans,  v.  u  N.  S,  p.  124.  ct  ieq. ;  Edin.  Fhil.  J©urn. 
V-  x.  p.  293.  H  «eq.  *  Brewster's  Journ.  of  Science,  f .  J,  p  41- 
•t  teq.  • 
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Rtmftrkii  fff 

ffs  tlifet  the  natiteS  fittrltiite  thfefe  p^'^U^ 
fe  to  the  poisonous  exhalation  or  effluvia  from 
in  plants  which  grow  in  these  regions,  Dr.Govan, 
ft  the  other  hand,  who  crossed  the  Himalayas  at  an 
Ifcvmtion  of  considerahly  more  than  1 5,000  feet,  felt 
Mhing  peculiar  in  his  tespiratioti  ot  other  functions/ 
was  any  one  of  a  train  of  40  natives  who  accom- 
d  bifn  in  any  wAy  affected ;  yet  he  is  aware  that 
e  sensaticms  are  frequently  experienced  and  eyeil 
k  mueh  lessr  eleration:^  Mr*  Caldcleugh  also,  who 
er^seed  the  Andes,  at  a  height  of  betWeCT 
t  and  18,000  feet,  seems  to  hare  experienced 
tothing  mote  than  what  might  be  reason ahly  ascribed 
b  the  fdtigue  of  the  journey,  nor  did  any  thing 
particular  occur  to  his  guides  and  attendant^/ 
!  Upon  the  whole  I  think  it  highly  probable  that  a 
f4rt  of  what  Saussure  experienced  depended  upon 
kntoething  more  than  mere  fatiguci  ami  that  certain 
pacific  effects  are  produced  on  the  system  by  the 
farity  of  the  air.  He  is  himself  disposed  to  account 
for  the  phenomena  on  mechanical  principles^  depend- 
bg  on  the  diminished  pressilre  to  which  the  body 
must  be  subjected  under  these  circumstances/  whik 
others  have  thought  that  the  want  of  a  due  proportion 
if  oxygen  woukl  afford  a  more  easy  explanation  of 
ttian.     I  think  that  we  are  scaicely  in  possession  of 

♦  Brevfrtet's  Jourrt,  of  Science,-  v,  ti.  p*  282.  t 
7  Travels  in  S.  America,  v,  i.  p.  309;  v.  it*  p.  110. 

•  See  aI«o  PauvagcB,  CEuv?e«  Diverges,  t  ii.  p.  164,  r^ferrinj 
to  the  defcription  of  Botigtiler,  who  had  previoutly  ascribed  k 
to  the  same  cause. 
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any  facts  wliich  will  enable  us  to  dedde  upon  the 
merits  of  the  first  of  these  hypotheses;  as  for  the 
second  I  conceive  that  it  cannot  be  maintained, 
because  the  effects  which  have  been  found  to  follow 
from  the  respiration  of  air  which  is  deficient  in 
oxygen  are  different  from  those  described  by 
Saussure,' 

We  have  now  considered  the  various  remote  effects 
of  respiration,  which  are  more  immediately  connected 
with,  or  dependent  upon,  a  chemical  change  in  the 
nature  of  the  substances  concerned,  I  must  next  pro- 
ceed to  give  some  account  of  those  that  are  more  of 
a  mechanical  nature.  I  have  already  had  occasion 
to  remark  upon  this  subject  in  the  first  section  of 
this  chapter,  when  I  endeavoured  to  show  that  the 
earlier  physiologists,  in  consequence  of  their  limited 
knowledge  respecting  the  nature  of  the  air,  were 
disposed  to  regard  the  effects  of  respiration  as  almost 

9  Dr.  Edwards  ascribes  part  at  least  of  tbe  effect  which  is 
produced  upon  the  breathing  by  great  elevations  to  the  iDcreased 
evaporation  which  will  take  place  from  the  ekin  aod   lungs; 
De  rinfluence  &c.  p.  493»  et  seq.   The  rarity  of  the  atmosphere 
in  thete  iituations,  would  no  doubt  tend  to  protnote  the  eva- 
poration,  but,  on  the  other  hand>  it  must  be  checked  by  the  low 
lemperationi  and  althoughi  in  certain  states  of  the  atmosphere^ 
the  air  of  high  mountains  appears  to  be  peculiarly  dry,  it  il 
frequently  in  the  contrary  state.     Dr*  Edwards  observes 
uneasy  sensations  are  occasionally  felt  when  tlie  air  of  an  apart«l 
tnent  is  rendered  dry  by  the  mode  in  which  it  is  warmed  ;  be  il 
correct  in  the  observation,  but  it  may  be  remarked,  that  tht] 
feelings  which  take  place  in  these  cases  do  not  seem  in  any] 
respect  to  resemble  tho^e  that  are  experienced  on  high  mou 
taiJii ;  p.  498,  9. 
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exclusively  of  a  mechanical  nature,  so  that  they  were 
generally  much  exaggerated,  while  many  of  them 
were  probably  altogether  imaginary. 

There  is,  however,  one  very  important  function, 
which  is  necessarily  connected  with  the  lungs^  and 
which  may  be  classed  among  the  remote  eflPects  of 
their  action,  the  foimation  of  the  voice.*  The  su- 
perior extremity  of  the  trachea  is  furnished  with  a 
number  of  cartilages  of  a  peculiar  form,  wHch  con- 
fititute  the  larynx,  in  the  upper  part  of  which  is  a 
chink  or  cleft,  called  the  glottis.  The  cartilages 
which  compose  the  larynx  are  connected  to  each 
other  by  an  apparatus  of  muscles  so  constructed,  that 
the  aperture  may  have  its  form  and  dimensions  very 
considerably  varied ;  and  if  the  air  be  forcibly  pro- 
pelled from  the  lungs  through  the  glottis,  according 
to  the  form  and  si2Je  of  the  aperture,  the  different 
vocal  sounds  will  be  produced.  The  muBcles  of  the 
glottis  are  under  the  control  of  the  will,  and  we  are 
enabled  by  our  voluntary  efforts,  operating  through 
the  medium  of  these  muscles,  to  produce  all  the 
vocal  or  musical  tones  of  which  the  voice  is  suscep^ 
ible.^ 

*  So  little  advanced  was  our  knowledge  of  the  nature  of 
respiration^  even  in  ihe  middle  of  the  last  century,  that  Haller 
supposed  the  formation  of  ihe  TOtce  to  be  one  of  the  principal 
uses  of  thk  function ;  EL  Phys.  viii.  S.  23*  "* 

*  An  accurate  delinealion  of  the  muscles  of  the  larynx,  and 
the  knode  in  which  they  are  connected  together,  may  be  seen 
io  Albinus'fi  description  of  the  muscles ;  Tab.  1 1 ,  fig.  44^. .  48  ; 

Tab.  12.  iig.  L.7-     A  good  deal  of  discussion  formerly  took 
(kce  revpecting  the  eSect  of  lying  or  cutting  the  nervei  that 


Fatfiuiiign  of  tke  FoiVf* 

Speech  depends  upoo  finother  series  of  actiQns» 
connected  with  tlie  muscles  of  the  tongue  and  lips, 
which^  although  they  are  distinct  firoin  those  that 


are  distributed  over  tbeie  vnuscies^  but  it  is  now  generally 
admitted,  that  when  the  nervoua  communication  h  entirely 
intercepted,  the  voice  is  destroyed^  A  part  at  least  of  the 
uncartainty  which  attached  to  the  subject  depends  upon  the 
circumstance,  that  it  was  thaught  necessary  to  operate  upon  the 
recurrent  nerves  alone »  whereas  these  are  not  the  only  nerves 
that  supply  these  pafts.  Haigh ton's  experiments  led  him  to 
conclude,  •*  that  the  recurrent  branched  of  the  par  vagum 
supply  porta  which  are  essentially  neces^ry  to  the  formation  of 
the  voice ;  while  the  laryngeal  branches  of  it  seem  only  to  affiact 
its  modulation  or  tone/'  Mera.  Med.  Soc<  v.  iii.  p.  435,  6.  Vid. 
supra,  p»  163.  Probably  some  of  the  uncertainty  which  ha^ 
prevailed  respecting  the  use  of  these  nerves  may  be  attributed 
to  the  curious  fact,  which  was  lirst  established  by  Haighton» 
that  a  divided  nerve  possesses  the  power  of  uniting  and  having 
its  original  properties  restored ;  this  he  proved  both  with 
respect  to  the  nerves  which  are  concerned  in  the  voice,  Ibid, 
p.  436. ,  S,  and  the  main  trunk  of  the  par  vagum ;  Phil.  Trans, 
tar  1795,  p.  190*  et  seq.  See  Blumenbach,  Jnst.  Physiol,  \  156, 
p.  89,  also  note  A;  Legallois,  Sur  la  Vie,  p.  187-  et  seq.j 
Magendie,  £1.  Physiol,  t.  i  p.  206,  also  p.  203,  et  seq.  For  our 
first  accurate  opinions  respecting  the  anatomy  and  actions  pftlic 
organs  of  the  voice  we  appear  to  be  indebted  to  Fabricius,  Dc 
Larynge  dx..  Op.  p.  268. .  317*  Martinets  paper  in  Edin,  Med* 
£siayi»  v.  ii.  p.  IH,  may  be  read  for  the  opinions  which  pre- 
vailed on  this  subject  about  the  beginning  of  the  lat^t  century* 
See  Haller,  £  I.  Physiol,  ix*  I*  L*29»  for  aa  account  of  the 
larynx  ;  also  Monroes  (tert.)  Outlines,  v.  ii.  p.  411.  et  sec[.,  and 
Elemeo.  v.  ii*  p.  73.  et  seq.  For  the  comparative  anatomy  and 
physiology  of  the  parts  it  will  be  sufficient  to  refer  to  BIuai«a* 
bschp  ch.  15'  p.  ^8*  at  leq*;  and  to  Cuvier,  Le^ *  28»  t.  if* 
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are  cenoemed  ia  the  formation  of  the  voice,  are,  like 
them,  cottnected  with  the  respiration,  as  articulate 
sounds  necessarily  depend  upon  the  emission  of  air 
from  the  lungs.  Besides  the  cartilages  and  muscles 
that  compose  the  larynx,  there  are  several  ligaments, 
which  serve  to  ^rnicct  the  various  parts,  and  which, 
from  their  supposed  use,  have  been  termed  vocal 
cords.  It  was  a  question  that  has  been  much  agi- 
tated^  and  especially  among  the  French  physiologists 
of  the  last  century,^  wlietlier  the  musical  tones  of  tlie 

A  Tha  prmcipal  writers  in  this  controversy  were  Dodnrt  and 
Ferrein  ;  the  former  endeavoured  to  prove  that  the  tones  of  the 
voice  are  regulaied  entirelj  by  the  opening  of  the  glottis ;  Mem. 
Acad,  pour  1700,  p.  2*4-.  et  seq*  et  pour  1707,  p.  66.  et  *eq.; 
hit  (irat  paper  contains  an  account  of  tlie  opinions  of  the  aiicientt 
and  the  earlier  of  the  moderns.  Ferrein,  on  the  contrary,  Mem. 
Acad,  pour  174-1,  p-  409.  et  seq.  compares  the  larynx  to  a  violin, 
p.  416.  or  a  harpsichord^  p.  422.  and  conceives  that  the  voice  is 
produced  by  the  vibrations  of  the  lips  or  ligaments  of  the  glottis ; 
he  goes  so  far  as  to  compare  the  air  to  the  bow  acting  upon 
these  parts;  p.  416.  See  Haller,  El.  Phys.  ix.  3»  1 , .  17. 
Blumenbach  supposes  tlie  larynx  to  be  analogous  to  the  flute, 
Inst.  Physioh  by  EUiotson,  sect.  9^  p.  87.  et  seq.  Dn  Young 
adopts  an  opinion  more  like  that  of  Ferrein,  that  the  ligaments 
of  the  glottis  act  like  strings;  Lect*  v.  i,  p,  400,  !•;  see  also 
Phil.  Trans,  for  1800,  p.  HI,  2.  Nearly  the  same  doctrine  is 
maintained  by  Scemmcring,  with  respect  to  the  vibration  of  the 
ligaments,  yet  he  conceives  that  the  larynx  resembles  a  pipe  or 
flute  ;  Corp.  Hum.  fab.  V  vl.  p.  93-  §  94*  We  have  a  very  ela- 
borate description  of  the  vocal  organs  and  their  mode  of  action^ 
by  M.  Magendie;  Physiol,  t.i.  p,  19ff,etseq.;  both  from  the  form 
aod  structure  of  the  parts,  and  from  experiments  ma^e  upon  the 
dead  subject,  he  is  disposed  to  refer  the  modifications  of  the 
Totce  prmcipally  to  the  vibrations  of  the  ligaments^  apd  supposes 
tliat  they  are  analogous  to  the  reed  i a  the  bautbols ;  p.  207,  8. 
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voice  depend  upoa  the  size  of  the  aperture,  or  upon^ 
the  degree  of  tension  of  these  ligaments ;  whether*' 
the  laryiix  was  more  analogous  to  a  wind  or  a  stringed^  j 
[instninient.     Although  it  may  not  be  very  easy  ta»| 
[give  a  decisive  proof  of  either  of  these  hypothesevl 
lyet  if  we  are  to  adopt  one  in  exclusion  to  the  other/j 
[I  conceive  that  it  is  more  probable  that  the  ligamentlt] 
Iflerve  to  regulate  the  rize  and  form  of  the  aperture,* 
[than  that  they  are  themselves  instruments  of  sound 
[A  most  curious  part  of  the  mechanism  of  the  voic 
consists  in  the  extreme  delicacy  with  which  we  are] 
able  to  modify  its  tones,  and  the  power  which  wo. J 
possess  of  imitating  the  tones  of  others.     The  samerl 
observation  applies  to  the  organs  of  speech,  but  as  iitJ 
this  case  the  parts  are  exposed  to  view,  we  can  more 


This  hypotliesis  would,  however,  appear  not  to  be  original  tai] 
M*  Magendle,  as  it  i^  directly  contE-ovcrted  by  Dodart ;  Menia 
Acad,  pour  1700,  p.  2V6,    Wc  have  some  judicious  remarks  oa] 
Magendie's  hypothesis  in  the  Ed.  Med*  Jotir,  v,  xv,  p,  576.  See. 
also  Good*8  Study  of  Med.  v,  i*  p.  429.  et  seq.  for  tliit  Account  j 
of  the  vocal  organs  and  the  fornralfou  of  th©  voice.    I  may  refer  , 
to  this  author  for  a  concise,  but  as  it  appears  to  roe,  satisfactory  | 
account  of  the  curious  art  of  ventrilo(|uism ;  p.  4-35.     Some  of  1 
the  older  writers  had  supposed  that  the  individuals  who  wera  | 
possessed  of  this  faculty,  had  an  additional  organ  lower  down 
than  ordinary  in  the  trachea,  from  which  the  name  was  taken, 

Mr.  Gough,  and  others,  ascribed  it  to  echoes  proceeding  from  ^ 

^^m         the  walls  of  the  apartment,  which  deceived  the  audience,  and 
^^^         were  mistaken  by  them  for  the  direct  impulse  of  the  voice»] 
^^^  Dr.  Good  conceives  it  to  be  an  imitative  act  produced  by  \ 

^^m         peculiarly  delicate  modification  of  the  glaitis,  while  at  the  «am9j 
^^         time  the  sound  h  generally  emitted  ttirough  the  nosuils  Instead 
■  of  the  mouth 
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easily  conceive  how  the  process  of  imitation  is  con- 
ducted than  when  an.  internal  organ  is  concerned, 
where  the  operation  is  entirely  concealed  from  our 
sight.  But  this  point  will  be  considered  more  fully 
in  a  subsequent  part  of  the  work. 

The  great  diversity  of  articulate  sounds^  and  the 
celerity  w^tli  which  we  are  able  to  accomplish  the 
necessary  muscular  contractions,  have  been  frequently 
commented  upon  by  physiologists,  and  it  may  be 
vafiserted,  that  as  the  gift  of  speech  is  one  of  those 
powers  whicli  eminently  distinguishes  the  human 
species  from  all  other  animals,  so  there  is  none  in 
which  both  the  mechanism  by  which  it  is  protluced, 
and  the  acquired  perceptions  with  which  it  is  asso- 
ciated^ afford  a  more  worthy  subject  of  our  admira* 
tion,^ 

There  are  a  variety  of  actions,  partaking  more  or 
less  of  a  mechanical  nature,  in  which  the  Itnigs  and 
chest  are  essentially  concerned,  depending  upon  some 
variation  in  their  hulk,  the  exteut  or  velocity  of  their 
action,  or  the  manner  in  which  they  affect  the  con- 

4  In  Blumcnbach's  Comparative  Anatomy,  ch.  15,  we  shaU 
ficid  the  cause  why  no  animal,  except  iiiai),  is  capable  of  uttering 
articulate  sounds  ;  see  also  Camper's  description  of  the  Iaryn?c 
of  the  orang  oulang,  Phil.  Trans,  for  1779^  p,  ISD,  et  seq.,  from 
which  we  learu  why  this  animal  is  in  the  same  predicament. 
We  hmve  a  mioute  account  given  us  by  Halle r,  EU  Fhyi«  ix.  4'. 
2. .  S.  of  the  diJi'erent  ijotinds,  and  an  analysis  of  the  particular 
muscular  contractions  by  which  they  arc  each  of  them  produced. 
Also  by  Stemmering,  Corp.  Hum.  fab.  t.vi.  p.  103.  §  1)3*  et  eeq,; 
by  Blumenbach,  Physiol  sect-.  9.  J  160.  et  &eq,  p.  91.  et  8eq. ; 
and  by  Dn  Youog^  Lect,  v,  ii,  p.  276.  et  seq*  ^ 


Sighing  fifc^ 

tigiious  parts.  Some  of  these  are,  to  a  certain  degree^ 
instinctive,  being  directly  subservient  to  some  useful 
pur|K)se  in  the  animal  (Economy,  while  they  are  more 
or  lesB  independent  of  the  will,  such  as  sneezing  and^a 
coughing.  There  are  others,  on  the  contrary,  whidl^B 
are  entirely  under  the  control  of  the  will,  depending 
upon  the  contraction  of  the  diaphragm  or  the  muscles 
ef  the  chest,  which  we  call  into  action  and  regulate 
at  pleasure,  like  otlier  volnnt^  actions^  such  as  6udc« 
ing  and  straining,  8omc  of  these  actions  may  be 
tegardcd  as  uiodifications  of  the  voice,  being  charac- 
ttrized  by  distinctive  sounds,  essentially  counected 
V?ith  their  final  cause,  as  laughing  and  weeping.  The 
mechanical  actions  connected  witli  respiration,  which 
are  enumerated  by  Haller  ^  and  Sccmmering^  are  the 
following;  sighing,  yawning,  sucking,  panting,  strain* 
ing,  coughing,  sneezing,  laughing,  weeping,  hiccup, 
aud  vomiting.^ 

..  Sighing  consists  in  a  full  and  protracted  iuspira- 
tion,  by  which  the  cavity  of  the  chest  is  considerably 
augmented ;  its  final  cause  appears  to  be  to  promote 
the  passage  of  the  blood  through  the  pulmonar)^ 
vessels  and  to  enable  the  air  to  act  more  ftUly  tipon 
it.  Yawning  also  consists  in  a  full,  slow,  and  Inii^ 
inspiration,  but  it  differs  from  sighing  in  being  fol* 
lo^vcd  by  a  slow   and   full   expiration ;    it  is  also 

>  El.  Phys.  yiii.  4.  80. .  40. 

*  Corp*  Hum.  fab*  t.  vi.  p,  79.  §  80 _  90* 

7  Of  thii  n»t  Btuiueubach  omits  sucking^  panting,  straining, 
and  vomiting.  PhyaioL  Sect.  9.  §  162.  p.  92,  S.  He  only  enu* 
aitratet  thote  which  be  regards  as  modifications  of  the  Toice« 
See  alio  Sprengel^  InstH*  Med.  u  i  ^ct.  4*  4  2130. .  5.  p.  490.  ,7. 
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ttended  by  an  involuptary  opening  of  tlxe  jaws,  by 
irhich  the  air  has  a  more  free  admission  to  all  parts 
f  the  chest     In  sucking  we  apply  the  lips  closely 
0  the  vessel  containing  the  fluid,  and  by  making  an 
pspiration,  we  encrease  the  capacity  of  the  chest ; 
he   air  in    the  mouth    aiul   fauces   thus    becomes 
lurefiedt  and  tlie  pressure  of  the  atmosphere  causes  a 
lortion  of  the  fluid  to  enter  the  mouth.     Panting 
soRsist^  in  a  succession  of  alternate  quick  and  short 
Inspirations  and   expirations*   and  thus  produces  a 
iequent  renewal  of  the  air  in  the  lungs,  in  cases 
where  the  circulation  is  unusually  rapid,  or  where, 
from  some  obstruction  in  the  chest,  we  require  a  more 
than   ordinary  supply  of  fresh  air.     In  the  act  of 
straining,  we  commence  by  a  full  inspiration,  and 
retain   the   air   in   tlie   chest,    while,    at   the   same 
timq,  we  contract  tlie  abdominal  muscles.     By  this 
means  we  not  only  compress  the  viscera^  and  expel 
their  contents,  but  the  flow  of  the  blood  is  retarded, 
and  it  has  a  tendency  to  accumulate  in  the  venous 
part  of  the  circulation.     The  act  of  straining  enables 
m  to  exercise  the  greatest  degree  of  muscular  power, 
because  the  trunk  becomes  firmly  fixed  and  serves  as 
the  iM)int  in  which  tlie  actions  of  all  the  muscles  are 
centred.     Coughing  is  produced  by  a  quick  and  for- 
cible contraction  of  the  diaphragm,  by  which  a  large 
quantity  of  air  is  received  into  the  chest ;  this,  by  a 
powerful   and   rapid   contraction   of  the  abdominal 
muscles,  is  propelled  through  the  trachea  with  con- 
siderable force^  and  in  this  way  dislotlges  mucus,  or 
any  other  extraneous  substance  which  irritates  the 
part.    WheE  the  iiritation  is  considerabl^i  it  is  lu^ 
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voluntary,  although,  in  othgr  cases,  it  is  under  the 
coutrol  of   the  will.      Sneering,  in  many  respects, 
resemhles  coughing,  but  it  differs  from  it  in  being 
more  violent  and  in  being  involuntary.     The  irrita* 
tion  is  applied  to  a  more  sensible  part,  the  inspiration 
with  which  it  commences  is  more  deep,  and  the  suc- 
ceeding expirations  are  more  violent,  and  are  directed 
through  the  cavities  of  the  nose.     The  final  cause  of 
sneezing  is  obviously  for  the  purpose  of  removing  any 
irritation  from  these  passages,  and  by  means  of  the 
interesting  observations  of  Mr,  C,  Bell,  to  which  I 
have  so  frequently  referred,  we  are  able  to  trace  the 
nervous  communications  which  connect  the  mucous 
membrane  of  tlie  nose,  with  the  muscles  that  are 
concerned  in  respiration,®  but  there  is  still  some  diiE- 
eulty  in  explaining  the  physical  causes  of  coughing 
and    sneering    as    distinguished    from   each  other. 
Laughing  is  produced  by  an  inspiration  succeeded 
by  a  succession  of  short  imperfect  expirations.     Al- 
though it  may  be  produced  by  certain  bodily  genaa- 
tions,  yet  for  the  most  part,  it  depends  upon  a  mental 
emotion ;  the  theory  of  laughter,  or  the  connexion 
which  there  is  between  the  action  and  the  cnuses 
which  excite  it,  is  somewhat  obscure.     The  action  of 
weeping  is  very  similar  to  that  of  laughing,  although 
its  causes,  both  corporeal  and  mental,  are  so  dissi- 
milar.    It  consists  in  an  inspiration,  wliich  is  suc- 
ceeded by  a  succession  of  imperfect  exjiirations.  Both 
laughter  and  weeping  are  supposed  by  many  phj'sia* 
logists  to  be  confined  to  the  human  species;  but  we 

*  Sec  particularly  the  observation  in  Phil.  TraoA,  fgr  1822, 
p.  »7.  et  wq* 
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may  obseire  approaclies  to  them  in  some  of  the 
animals  which,  in  other  respects,  exhibit  the  most 
intelligence  and  sagacity.  Hiccup  is  a  quick,  iu- 
Toluntary,  convulsive  contraction  of  the  diaphragm, 
occurring  at  intervals,  and  produced  by  imtation  of 
the  cardiac  extremity  of  the  stomach,  the  gullet,  or 
other  neighbouring  part.  The  only  remaining  action 
which  is  connected  with  the  respiratory  organs  is 
vomiting,  but  as  this  involves  some  physiological 
considerations,  which  are  connected  val\\  the  func- 
tions of  the  digestive  organs,  it  will  be  more  properly 
considered  in  a  subsequent  part  of  the  work, 

§  7.  Of  Transpiration. 

As  the  functions  of  the  skin,  and  the  action  which 
it  exercises  over  the  animal  oeconomy,  are  generally 
supposed  to  bear  a  considerable  analogy  to  those  of 
the  lungs,  it  may  be  convenient  to  introduce  in  this 
place  an  account  of  the  cutaneous  transpiration.  It 
seems  to  have  been  a  very  early  opinion  among  phy- 
siologists, that  besides  the  visible  matter  of  perspira- 
tion, a  species  of  invisible  vapour  is  likewise  dis- 
charged from  the  surface  of  the  body,  and  that  this 
discharge  is  connected  with  some  of  the  most  import- 
ant operations  of  the  system.^  The  first  person  who 
endeavoured  to  ascertain  the  amount  of  this  vapour, 
or,  indeed,  who  may  be  said  to  have  adduced  any 
very  unequivocal  proofs  of  its  existence,  was  Sancto- 
rius.^  He  devoted  his  almost  undivided  attention  to 
this  subject  for  the  greatest  part  of  his  life,  and  al- 

•  Haller,  El.  Phys*  xii.  '2*  4.  >  Ibid,  xii,  2. 10. 
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though  we  shall  probably  be  inclined  to  think, 
the  information  which  he  obtained  from  his  rell 
searches  was,  by  no  means,  proportionate  to  tbi] 
labour  which  he  bestowed  upon  them,  yet  so  pre^I 
eminent  was  he  above  his  oontemporaricf?,  as  atl] 
inquirer  into  the  operations  of  the  living  body>  hf\ 
the  mode  of  experiment,  that  he  obtained  the  highestj 
degree  of  celebrity,  H 

The  method  which  Sanctorius  adopted  to  iH^afititij 
the  quantity  of  the  insensible  perspiration,  a«  hi] 
termed  it,  was  to  notice  accurately  the  food  that  wal 
received  into  the  body,  and  all  the  dischai^ges  that 
proceeded  from  it;  the  former  of  these  quantities! 
was  found,  in  all  cases,  very  considerably  to  exc 
the  latter,  and  this  excess  was  supposed  to  be  trans- 
pired from  the  skin,  in  the  state  of  invisible  vapouTi 
By  comparing  the  weight  of  the  body  under  all  tb€ 
circumstances  to  which  it  is  exposed,  or  by  which  it* 
functions  are  modified,  as  well  in  health  as  in  disea^, 
a  due  allowance  being  always  made  for  the  proportion 
of  the  ingesta  to  the  egesta,  he  endeavoured  to  aaoer-* 
tain  the  amount  of  the  insensible  perspiration  during 
these  different  states,  and  he  deduced  from  them  i 
series  of  aphorisms,  which  were  supposed  to  contain 
the  general  deductions  from  his  almost  innumerable 
experiments.^  It  is,  however,  not  a  little  remarkable^ 
and  certainly  much  to  be  regretted,  that  he  no  where 
gives  us  any  exact  numerical  account  of  his  resoltt, 

*  Medidna  Stattoa;  thb  celebrated  work  appean  to  htft 
been  pubtislied  in  the  year  IGH,  at  Veoice,  **  undc***  as  Hatler 
obscf^^,  ^'  iimumerabiles  cditioocs  prodiertint** 
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and  from  his  having,  in  most  instanecjs,  hleilded  hift 
theories  mth  his  experiments,  and  admitted  a  certain 
share  of  hypothesis  into  his  condusions,  there  arc 
comparatively  but  few  of  them  on  which  we  can  place 
much  confidence,  or  at  least,  which  w^e  can  adopt 
without  making  many  exceptions  and  allowances. 

The  example  of  8anctorius  was  followed  by  several 
other  pliysiologists,  who,  partly,  in  consequence  of 
their  being  aware  of  his  deficiencies^  and  partly,  from 
the  itnprovements  which  took  place  in  the  mode  of 
conducting  philosophical  inquiries,  employed  a  more 
fiatisfactory  method  both  of  executing  and  of  detailing 
their  experiments,  many  of  which  appear  to  have 
been  pursued  with  much  nssiduity,  and  recorded  with 
great  accuracy.^  Among  those  who  seem  to  have 
been  the  most  successful  in  their  investigations  on 
this  subject,  we  may  enumerate  Dodart/  Keill,^  Hy^* 
Gorter,^  Linings/  Robinson,^  Home,'    and   8tark,* 

J  We  fchall  find  m  Haller,  EL  Phys,  xii,  £.  10,  12,  IS,  an 
account  of  the  successive  sets  of  experiments  which  were  per- 
formed  on  this  subjecli  detailed  with  his  usual  minutencsa  and 
correctness. 

'     #  In^Menii  Acad.  ttii.  p*  276,  there  is  a  notice  of  these  expe- 
nments* 

^  Medicina  Statica  Britannica,  a  Bmall  treatise  appended  ta 
his  **  Testamina," 

*  Medicina  Statica  Hibernicai  appended  toRogerfl  on  epidemic 
diseasef.  • 

T  Gorier,  de  Perspin  inaena*  cap*  2* 

'  Limngs's  observations  were  made  at  Charlestown,  and  con- 
tain the  result  of  a  year's  experiments  performed  on  his  own 
person;  PlilL  Trans,  for  17^i  p*  491,  #t  seq.  and  for  17i5, 
p*31B.  etseq* 


224 


Suheqiiini  Ejcpeiiments, 


all  of  whom  performed  experiments/ more  or 
resembling  those  of  Sanctorius,  and  greatly  added  to 
their  value  by  generalizing  the  results,  or  reducing 
them  into  the  forai  of  tables,  exhibiting  the  loss 
which  the  body  is  supposed  to  sustain  by  its  in- 
sensible perspirations  in  various  constitutions,  ages, 
and  temperaments,  at  different  periods  of  the  day 
and  seasons  of  the  year,  after  exercise  and  repose, 
after  fasting  and  taking  food,  sleep  and  watching, 
and  various  other  circumstances  of  an  analogous 
nature.  They  proceeded  upon  the  plan  of  Sanctoriu^M 
of  weighing  the  body,  adding  the  aliment  receiredj" 
deducting  the  discharges,  and  placing  the  loss  which 
it  had  sustained  to  the  account  of  the  cutaneous 
transpiration.  Without  impeaching  the  accuracy  of 
the  operator,  we  should  expect  that  experiments 
formed  upon  different  individuals,  and  under  such  1 
variety  of  circumstances,  must  afford  very  variov 
results,  and  accordingly,  the  quantities  obtained 
so  different  from  each  other,  that  it  seems  almc 

9  <*  Dissertation  on  the  food  and  discharges  of  hunaan  bodtet; 
a  learned  treatise,  proceeding  upon  the  principles  of  the  mec 
nical  physiology,   containing  however  many  important 
Tations  both  origina]  and  collected* 

«  Medical  Facts,  p.  235. .  253. 

*  Works,  p.  169. .  182.     Stark^s  experimentSt  there  ia  i 
reason  to  believe,  were  executed  with  tlie  most  scrupulous 
curacy,  ahd  afford  us  many  valuable  resultSi  but  as  they  we 
performed  principally  Willi  a  view  to  ascertain  the  comparatif 
effect  of  different  kinds  of  diet,  upon  the  cutaneous  transpirsitto 
they  are  not  adapted  to  the  purpose  of  comparison  with  thee 
experimenU  that  are  referred  to  above;  hii  general  condiUM 
art  itattfl  in  p.  178* 


impossible  to  draw  from  them  any  satisfactory  aver- 
age*  If  I  were  to  select  any  of  these  more  early 
experiments,  as  having  been  apparently  conducted 
in  the  most  judicious  manner,,  and  \\ith  the  greatest 
accuracy,  it  %vould  be  those  of  Rye ;  his  general  result 
is,  that  the  excess  of  the  weight  of  the  iugesta  over 
the  egesta,  that  of  the  body  remaining  the  same,  is 
57  ounces  in  21  hours,^ 

But  besides  other  sources  of  inaccuracy,  depending 
either  upon  the  mode  in  which  the  experiments  were 
performed,  or  the  false  hypothesis  with  which  they 
were  frequently  implicated,  there  was  one  funda- 
mental error  which  pervaded  the  whole,  that  the 
action  of  the  lungs  was  necessarily  confounded  with 
that  of  the  skin.  Although  it  was  kno\>Ti  that  a 
quantity  of  aqueous  vapour  is  discharged  along  ivith 
the  air  of  expiration,  yet  it  seems  to  have  been,  in  a 
great  measure,  disregarded  in  all  the  calculations, 
and  no  one  attempted  to  estimate  its  amount,  with 
any  degree  of  accuracy,  before  the  time  of  Hales- 
I  have  already  had  occasion  to  notice  the  result  of 
Hales's  experiments,*  and  of  the  others  which  were 

3  He  found  the  greatest  loss  of  weight  In  the  summer  months 
to  be  D3  ounces,  the  least  33,  giving  an  average  of  63  ounces  ; 
the  greatest  lo^s  in  the  winter  months  was  60,  the  least  42, 
giving  an  average  of  5 1 ,  or  of  57  for  the  whole  year.  Rogers, 
p.  310.  Aphor,  99*  Linings,  wliose  e-vperiments  were  made  in 
a  much  warmer  diraate,  found  the  proportion  of  the  summer  to 
the  winter  perspiration  to  be  in  the  proportion  of  2-06  to  1^  in 
each  case  taking  the  average  of  the  same  length  of  time,  30 
days;  Phil.  Trans,  for  1743.  p.  509. 

*  P.  106. 
VOL,  IL  U 
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afterwards  instituted  for  the  same  purpose,  which 
showed  that  the  quantity  of  water  expired  from  the 
hmgs  is  80  cousidcrable>  as  to  induce  Hallcr  to  con- 
elude,  that  in  order  to  compensate  for  this,  and  for 
some  other  excretions  which  had  been  neglected  in 
the  calculations^  one-half  of  the  estimated  quantity  of 
the  insensible  perspiration  should  be  deducted,  which 
would  reduce  the  average  to  about  28  ounces  in  the 
24  hours.^  This,  however,  must  be  regarded  as  ^^ 
very  vague  estimate,  that  is  imperfect  iu  all  its 
essential  points;  for  not  only  was  the  mode  em  ploy  ( 
to  ascertain  the  quantity  of  water  expired  altogethe 
inadequate  to  the  purpose,  but  the  other  effects  whic 
the  lungs  produce  ui>oii  the  air  were,  at  that  tii 
entirely  unknown.  We  have,  however,  found  that 
one  of  the  most  important  of  these  effects  consists  in 
the  abstraction  of  a  portion  of  carbon  from  the  blood* 
which,  as  well  as  the  aqueous  vapour,  must,  accord- 
ing to  the  mode  in  which  the  experiments  were  con- 
ducted, have  been  necessarily  confounded  with  the 
cutaneous  transpiration, 

After  the  time  of  Hallcr  wc  have  no  experimenU 
on  the  cutaneous  transpiration,  which  can  be  regarde 
as  particularly  deserving  our  attention,  until  the  eel 
bra  ted  ones,  to  which  I  have  already  had  occasion 
refer,**  that  were  performed  by  Lavoisier  and 
As  these  appear  to  have  been  executed  with 
dexterity,  and  mih  an  apparatus  much  superior 
any  which  had  been  hitherto  employed  in  physiolc 

*  EL  Phys.  xii.  2.  11.  <-  F.  75,  6- 

7  Mem.  Acad.  Scicnc*  pour  1790*  p.  601. 
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gical  researches,  sa  the  conclusions  to  which  tliey  lead 
are  proportionally  important,  and  although  they  will 
Ik*  found  to  be  not  unobjectionable,  yet  they  very 
inaterially  advanced  our  knowledge  of  the  animal 
ceconomy,  at  the  same  time  that  they  gave  a  fresh 
impulse  to  the  progress  of  inquiry,  and  opened  a 
new  path  for  future  investigation  b, 

Tlie  authors  commence  by  observing,  that  trans- 
piration consists  in  the  evaporation  of  a  quantity  of 
water  from  the  body,  part  of  which  proceeds  from 
the  pores  of  the  skin,  and  part  from  the  inner 
surface  of  the  vesicles  of  the  lungs,  forming  re- 
spectively the  cutaneous  and  the  pulmonary  trans- 
piration.  Hence  there  are  three  distinct  operations 
going  forwards  in  the  living  system,  which  affect  the 
weight  of  the  body,  and  which  have  been  generally 
confounded  togetlier  in  the  statical  experiments  that 
have  been  performed  upon  '1,  but  which  it  is  neces- 
Bary  to  distinguish  from  each  other, — ^the  cutaneous 
transpiration,  the  pulmonary  transpiration,  and  the 
respiration.  In  order  to  separate  these  effects  from 
each  other,  the  body  was  enclosed  in  a  silk  bag,  var- 
nished with  elastic  gum,  so  as  to  render  it  air-tight^ 
while  a  tube  was  adapted  to  the  mouth  of  the 
operator,  by  which  means  it  was  conceived  that  the 
effects  of  transpiration  and  of  respiration  would  be 
kept  distinct  from  each  other.  This,  however,  w  ould 
not  be  accomplished  by  the  arrangements  of  the 
apparatus  ;  they  would  preserve  the  cutaneous  trans- 
piration distinct  from  the  respiration,  but  this  last 
would  not  be  kept  separate  from   the  pulmonary 

Q  2 
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trail spiratioti.  In  performiDg  the  experiments  th 
body  was  weighed  before  euteriog  the  apparatus,  and 
again  just  before  leaving  it,  for  the  purpose  of  finding 
what  weight  is  lost  by  respiration  as  distinct  from 
transpiration;  it  was  again  weighed  immediately 
after  leaving  the  apparatus,  by  which  the  total  losf 
of  weight  was  obtained,  and  the  former  quantity  was 
subtracted  from  the  latter,  in  order  to  discover  the 
loss  by  transpiration  alone.  But  it  is  obvious  th 
upon  this  plan,  the  effects  of  the  pulmonary  tram 
piration  and  of  the  respiration  are  confounded 
gcther,  nor  are  there  any  direct  experiments  by  which 
the  quantity  of  the  pulmonary  transpiration  was 
attempted  to  be  ascertained. 

In  giving  an  aeeount  of  Ijavoisier's  opinion  respect- 
ing the  change  which  the  blood  experiences  by  re- 
spiration, I  have  mentioned  that  he  conceived  the 
water  which  is  expired  from  the  lungs  to  be,  in  part 
at  least,  actually  generated  in  that  organ  by  the  union, 
of  oxygen  and  hydrogen  ;  and  in  examining  into 
nature  of  the  pulmonary  transpiration  he  takes 
sion  to  recur  to  the  same  hypothesis.  He  remar! 
that  a  substance  which  is  chiefly  composed  of  hy 
drogen  and  carbon,  is  secreted  from  the  blood,  and 
transudes  through  the  membranes  of  the  lungs  into 
the  bronchia ;  that  while  it  is  passing  through  tl 
cxhalcnt  vessels  in  an  attenuated  state,  it  is  brou 
into  contact  with  the  oxygen  contained  in  the  air 
inspiration,  with  which  it  unites  and  is  converted  in 
water  and  carbonic  acid.  Besides  the  water  wliicb 
thus  produced  in  the  lungs^  a  quantity  is  sup; 
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to  transude  through  the  luembraBes  of  the  vesicles 
ready  formed ;  they  are  both  of  them  reduced  into 
Tapour  by  the  warmth  of  the  part,  and  compose  the 
puhnonary  transpiration.  A  calculation  is  then  en- 
tered upon  for  the  purjiose  of  determining  tlie  quan- 
tity of  water  which  is  transpired  by  the  Inngs,  but  it 
proceeds  upon  data  which  I  conceive  are  not  correct • 
The  authors  lay  it  dowTi  as  the  basis  of  their  reason- 
ing, that  the  whole  of  the  oxygen  which  i^  consumed 
in  respiration  is  united  to  hydrogen  and  carbon  which 
it  meets  in  the  lungs,  whereas  I  have  endeavoured  to 
show,  that  the  imion  does  not  talie  place  in  the  lungs, 
that  a  part  of  the  oxygen  is  absorbed  and  appropriated 
to  some  other  purpose,  and  that  no  combination  of 
oxygen  and  hydrogen  takes  place.  It  is  obvious 
that  if  any  part  of  the  alx)vc  statement  be  found  to 
be  erroneous,  it  must  vitiate  the  whole  of  the  reason- 
ing, so  far  at  least  as  the  quantity  is  concerned  ;  so 
that  although  the  results  of  the  experiments  are 
valuable  as  matters  of  fact,  we  are  unable  to  follow 
the  authors  in  the  conclusions  which  they  deduce  from 
them. 

With  respect  to  the  estimates,  we  are  informed 
that  the  average  quantity  carried  off  by  the  cutaneous 
transpiration  in  24  hours  is  30  ounces,  while  that  by 
respiration  (including  as  it  appears  the  pulmonary 
transpiration)  is  15  ounces.  Of  these  15  ounces, 
rather  more  tlnm  ^  is  supposed  to  consist  of  the 
water  which  is  transuded  through  the  lungs,  properly 
constituting  the  pulmonary  transpiration,  the  other 

consisting  of  the  hydrogen  and  carbon^  which  is 
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supposed  to  combine  with  oxygen  and  form  water 
and  curbonic  acid,  the  quantity  of  the  water  being 
determined  by  that  of  tlie  oxygen  which  is  left  after 
subtracting  what  is  required  for  the  formation  of  the 
carbonic  acid.  It  appears,  however,  from  the  reraarksr 
that  were  made  in  a  former  section,  that  this  hypo- 
thesis of  tlie  generation  of  water  in  the  lungs  is 
without  foundation;  so  far,  therefore,  as  the  existence 
of  thiH  portion  of  water  rests  upon  that  hypothesis,  it 
must  be  considered  as  equally  unfounded. 

There  does  not  appear  to  be  any  theoretical  objec- 
tion to  the  method  that  was  employed  to  ascertain 
the  amount  of  the  cutaneous  perspiration,  yet  I  can^ 
ceive   that   many   circumstances  may   occur,   which 
would  practically  interfere  with  the  results^  so  that  I 
think  we  c^n  only  consider  it  as  an  approximation, 
and  that  perhaps  not  a  very  close  one,  to  the  truth* 
The  near  coincidence  between  the  quantity  which 
Lavoisier   and   Seguin    obtained,   and    the  aYcngi 
I  formed  by  Haller,  may  appear  remarkable,  yet,  I 
apprehend,  that  it  is  to  be  rcgartled  as  purely  in- 
cidental, and  not  as,  in  any  degree,  tending  to  con- 
fimt  the  accuracy  of  the  estimate.     In  tlie  present 
I  state  of  our  information,  the  only  method  that  we 
tteem  to  have  of  estimating  the  pulmonary  tno^ 
piration,  is  to  take  the  total  quantity  lost  by  the 
/body    after    making    the   due   allowance    for   the 

nem  of  the  ingesta  above  the  egesta;  from  thii 

\iffe  mmt  deduct  the  loss  by  the  cutaneous  trua* 

piration,  and  abo  the  carbon  which  is  emitted  fimn 

the  lungs ;  what  remains  may  be  supposed  to  be  dut 
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to  the  pulmonary  transpiration  ;  but  it  is  obvious  that 
we  can  place  very  little  dependence  upon  a  calcula- 
tion founded  on  such  uncertain  and  inadequate  data. 
The  points  which  seem  to  be  ascertained  are,  that 
the  body  loses  a  certain  quantity  of  weighty  besides 
what  can  be  attributed  to  any  of  the  visible  (Uscliarges 
and  to  the  carbon  and  water  which  is  emitted  from 
the  lungs,  that  a  certain  quantity  of  vapour  is  emitted 
from  the  skin,  and  it  may  be  inferred  that  this  is 
the  principal  source  of  the  loss  which  is  experienced. 
Lavoisier  and  Seguin  do  not  expressly  state  what  is 
their  opinion  respecting  the  origin  of  the  matter  of 
transpiration,  but  it  would  appear  that  they  consid^ed 
it  as  arising  from  a  fluid  which  is  secreted  by  the 
cutaneous  vessels  from  the  blood,  and  is  converted 
into  vapour  by  the  caloric  which  it  abstracts  from  the 
body. 

We  have  some  very  interesting  observations  on 
transpiration  by  Dr.  Edwards,  the  principal  object  of 
which  is  to  illustrate  the  effect  produced  upon  this 
function  by  the  vaiious  circumstances  to  wliich  the 
body  is  subjected.  He  began  by  a  series  of  experi- 
ments on  cold-blooded  animals,  as  we  have  here  the 
advantage  of  being  easily  able  to  obtain  the  cutaneous 
transpiration  entirely  distinct  from  the  pidmonary, 
in  consequence  of  the  length  of  time  which  these 
animals  can  live  without  respiring ;  in  this  way  he 
not  only  very  unequivocally  proved  the  existence  of 
the  transpiration  by  the  skin,  but  ascertained  with 
more  certainty  its  comparative  quantity  in  the  dif- 
ferent circuui^tauccs  referred  to  uhovj^    In  this  case 
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nothing  more  was  necessary  tliau  to  weigh  the  anmia 
before  and  after  tlie  experiment,  aud  to  make  allow^ 
ance  for  the  iiigesta  and  the  cgesta,  there  being  nor;] 
other  organ  except  the  skin,  by  which  any  thing  is^ 
removed  which  can  affect  the  weight.     iSoine  of  hifliv 
moKt  important  results  are,  that  the  body  successivelf 
lofjes  less  and  le^  by  transpiration  in  equal  suceessivet 
portions  of  time,  depending,  as  we  may  presume^ 
u|)oii  the  absolute  quantity  of  fluid  in  the  vessekj. 
that  the  transpiration  proceeds  more  rapidly  in  drj-:, 
than  in  moist  air,  in  the  extreme  states,  nearly  in  the 
proportion  of  10  to  1 ;  that  temperature  has  also  a^  i 
gr^t  effectj  the  transpiration  at  68°  (20 G.)  being  twice 
as  much,  and  at  lOJi*^  (40  C)   seven  times  as  muck 
as  at  32'.     lie  also  found  that  frogs  transpire  while 
they  are  in  water,  as  is  jjroved  both  by  the  diminution, 
which  they  experience  while  immersed  in  water,  and 
by  the  appearance  of  the  water  itself,  which  becomes 
visibly    impregnated   with    the    substance    that  is 
excreted  from  the  skin.®  . 

Dr.  Edwards  then  extended  Ids  researches  to  the 
warm-blooded  animals.  lie  found  that  in  these,  like 
the  others,  the  transpiration  became  less  in  proportion 
to  the  quantity  of  fluid  which  was  evajiorated  from: 
the  body ;  he  also  observetl  the  same  kind  of  dif* 
ference  l)etween  the  effect  of  moist  and  dry  air,  and 
between  a  Ixigh  and  a  low  temperatiux*.  The  espGK 
riments  were  perlbrmed  on  guinea-pigs  andou  btrtb^ 
and  it  appeared  that  in  all  the  essential  particular* 
these  two  kinds  of  animals  agreed  in  the  mode  of 
*  De  r  Influencei  &c.  part*  UC*p,  6. 
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tbciT  transpiration  as  affected   fay  external  agents. 
The  transpiration  of  man  was  likewise  found  subject 
to  the  same  general  laws,  but  probably,  in  conse- 
quence of  the  greater  delicacy  of  the  human  frame, 
and  the  more  complicated  nature  of  his  functions,  it 
is  more  subject  to  be  disturbed  by  external  agents. 
A  circumstance  is  noticetl  by  Dt.  Edwards,  which 
had  not  been    sufficiently  attended  to  by  his  pre- 
decessors, that  in  endeavouring  to  ascertain  the  com- 
parative amount  of  the  transpiration  under  different  ^ 
circumstances,   it  is  necessarj^  to  take  intervals  of 
considerable  length,  in  order  that  the  results  may  not 
be  influenced  by  the  effect  of  the  fluctuations  which 
are   always    occurring,   and   which   constituted   one 
principal  source  of  the  apparent  irregularities^  that 
produced  so  many  anomalies  in  the  older  experiments. 
A  peri  Oil  of  six  hours  was  thought  to  be  necessary, 
and  this  he  accordingly  employed  in  all  his  researches. 
With  respect  to  the  different  states  of  the  air,  its 
effects  upon  the  cutaneous  transpiration  were  essen* 
tially  the  same  on  man  as  on  other  animals  ;  among 
other  observations  he  found  that   the   transpiration 
was  more  copious  during  the  early  than  the  latter 
part  of  the  day,  that  it  is  greater  after  taking  food, 
and  although  most  of  the  vital  functions  appear  to 
be  diminished  during  sleep,   it   appeared  upon  the 
whole,  that  the  transpiration  was  increased  diu-ing 
this  state/ 

'>  Ibid*  parts.  C,7. 

>  De  rinrtuence,  &c*  part.  4.  C  1 L  Where  the  data  are  con- 
fe(»0tiWy,,§o  iosiifficient>  it  jnay  appeal-  to  little  purpose  to  found 
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The  »uthor  next  jiroeeedfe  tp  invettigate  tlit  wrtM* 
wd  Mniroe  of  the  matter  whidi  is  tranipired.    He 

any  calculation  upon  them;  sitill  It  may  be  desirable  to  form  the 
beet  efdmate  that  we  have  it  in  our  power  to  deduce  from  them. 
The  eiunbani  will  be  88  followi : 

Ingeata  in  24  hoiira.  oi» 

.  Food,  according  to  Rye. •» #.,••«••  96 

Oxygen  retained  in  the  system,  vide  suprat  p.  1 1  ] « .     If 

100 

Egesta  in  24  hours. 
•     Urine,  according  to  Rye,\  ^^^  „  «ia  i      .  S^ 

AMne  discharge,    Do.   /  *^'«*"'  ^^^^^ r\6 

Various  other  excretions,  see  Haller^  El.  Fhys.  xli.  S.  11.    3 

Carbon  discharged  from  the  lungs,  vide  supra,  p.  HI II 

Water  expired,  according  to  Menzies,  vide  supra,  p.  107«    6 

68 
The  ingesta  will  therefore  exceed  the  visible  egesta  by  M  ea. 
which  may  therefore  be  assumed  as  the  average  amount  ef  the 
transpiration  in  34  hours.  Perhaps,  a  farther  addition  should  be 
made  to  this  quantity,  in  order  to  compensate  for  the  water 
which  is  absorbed  by  the  skin ;  for,  as  I  shall  have  occasion  to 
•haerve  hereafter,  it  is  probable  that  an  action  of  thh  kind  takes 
place,  although  it  appears  quite  impossible  to  ascertain  its 
amount.  An  objection,  which  is  not  without  consideraUe 
weight,  has  been  urged  against  the  supposition  of  so  large  a 
quantity  of  water  being  discharged  from  the  skin,  that  many 
nations  are  in  the  habit  of  smearing  the  surface  of  the  body 
with  substances,  which  it  is  supposed  must  prevent  any  thing 
from  being  discharged  from  it,  Haller^  EL  Phys,  xii.  2. 19;  and 
many  individuals  fall  under  our  observation,  in  whom>  from 
various  accidental  circumstances,  the  skin  is  frequently  so 
covered  with  extraneous  substances,  as  apparently  to  obstruct 
anf  discharge  from  its  pores.  The  only  method  of  obidating 
this  difficulty  is  to  suppose  that  the  pulmonary  transpiration  is 
m  thif  99m  propprtieoaUy  increased  to  supply  the  deficiency. 


k^piit  liy  fliikiiig  a  dittindaim  betw««  wliat  b 
earned  off  from  the  body  by  evapontiant  and  miuA  it 
Mounred  fram  it  by  tnuitudatioii ;  the  first  dep6nd- 
iaif  upon  a  mere  physical  operatioa,  in  which  a  8ab-> 
itaiuse  ia  converted  into  viqpoi]r»  by  the  addition  of 
hmt^  while  tranradatiai  is  a  vital  proceaa,  of  the 
aatnre  of  aeeretioa  or  excretion.  He  obaanres  that 
iha  terms  evaporation  and  transudation  are  not  syno- 
iqrmons  with  the  insensible  and  sensible  perspiration 
ieipecti%*ely  of  the  older  writers,  because  a  part  of 
wiuA  is  removed  by  transpiration  is  first  transuded, 
aad  then  evaporated.  Etjqfcmition  may  take  place 
Gmn  the  dead  bodyf  while  transudation  can  only 
bake  place  from  the  living  body;  transpiration  is, 
therefore,  properly  an  operation  of  an  intermediate 
kind#  where  the  fluid  is  furnished  by  a  vital  function, 
it  is  removed  from  the  body  by  a  mere  physical 

The  older  phynologists  were  much  divided 
nsapecting  the  question,  whether  the  matter  of  the 
acosible  and  the  insensible  perspiration  wereori^* 
Bially  the  same  sobstanee,  the  former  being  in  the  fluid 
■Isrte,  the  ktter  in  the  form  of  vapour.  Haller  was 
inefined  to  suppose  that  they  were  essentially  dif* 
Cerent,^  and  Dr.  Edwards  appears  to  be  of  the  same 
aipimon,  although  it  is  not  very  dear,  whether  he 

that  the  whole/ or  only  a  part  of  the  matter 


I  am  noc  aware,  howerer,  that  any  ezperimeiiU  were  er^  per- 
Conned  on  theie  indiTiduals,  and  until  this  be  done,  i|  would 
be  improper  to  speculate  upon  the  subject. 
3  El.  Fhjra.  aiif  8»  a 
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of  the  insensible  transpiration  is  not  derived  from  tli( 
sensible  transpiration.^ 

The  two  operations  of  evaporation  and  transud 

tion  being  considered  as,  to  a  certain  extent,  indi 

pendent  of  each  other,  it  became  an  interesting  objedbl 

to  endeavour  to  ascertain  the  degree  in  which  ihet 

are  eacli  of  them  respectively  exercised.     For  thiM 

purpose  Dn  Edwards  had  recoiu"se  to  cold-bloodi 

animals,  in  which  we  can  easily  suppress  the  eva 

ration,  by  placing  them  in  air  saturated  with  moisk 

[ture,  and  which  will  of  course  he  nearly  of  tlie  same 

temperature  with  themselves ;  in  this  case  therefore 

I  we  can  obtain  the  loss  by  transpiration  alone*     By 

performing  this  experiment   on  frogs  at  a  mediudt 

temperature  not  exceeding  68*^  (20  €.)  the  evapora* 

%ion  was  found  to  be  to  the  transpiration  as  6  to  1 } 

^And  as  the  transudation  in  this  animal  is  very  copious^ 

pv*e  may  Infer  that  in  man  the  proportional  quantity 

['4)f  the  cvaiK)ration  is  still  more  considerable/     With 

f J'espect  to  the  Comparative  action  of  the  skin  and  tte 

^lungs,  it  is  supposed  that  what  is  lost  by  the  lungs 

nist  be  entirely  due  to  evaporation,  as  nothing  ctai 

removed  from  them  except  what  is  carried  off  lit 

^ihe  state  of  vapour,  mixeil  with,  or  dissolved  in  tfie 

pair  of  expiration,  so  that  strictly  speaking  we  have  no 

["pulmonary  transudation.     On  this  account  we  may 

iresume  that  the  loss   by  tlie  skin  will  be  greater 

Ihan  that  by  the  lungs,  although  it  must  be  expected 

khat  the  former  will  be  much  more  variable 

f  De  riufluencc,  Sic.  §  0.  p«  S3K  el  seq. 
*  Ibid.  p.  394.  et  §eq« 
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The  distinction  upon  which  Dr.  Kdwards  so  much 
insists  between  evaporation  and  transudation,  although 
cue  of  great  importance,  bad  been  but  little  attended 
to  by  preceding  pliysiologists.  But  on  some  occasions, 
I  conceive  it  has  been  carried  by  him  too  far^  as 
wterc  it  is  maintained  that  the  lungs  can  transpire 
only  by  means  of  evaporation  and  not  by  transuda* 
tion,  and  that,  in  this  respect,  their  action  iliffers 
from  that  of  the  surface  of  the  body,  I  should  sup- 
pose, on  the  contrary,  that  in  botli  cases,  the  matter 
to  be  transpired  must  leave  the  mouths  of  the  vessels 
ip  the  fluid  form,  and  that  the  fluid  is  subsequently 
evaporated  by  means  of  the  air^  so  that,  except  in 
degree,  I  do  not  perceive  any  essential  difference  be- 
tween the  operations. 

There  is  another  function  that  is  nearly  allied  to 
the  one  which  we  have  been  now  considering,  and 
which  has  been  made  the  subject  of  experiment  by 
some  of  the  modern  physiologists  ;  the  chemical 
action  v^hicli  the  skin  has  been  supposed  to  exercise 
upon  the  air  contiguous  to  it.  Shortly  after  the 
dis^very  of  the  production  of  carbonic  acid  by  the 
ipngs,  an  inquiry  was  instituted  whether  the  same 
kind  of  change  was  effected  at  the  surface  of  the 
body ;  a  circumstance  which  seemed  in  itself  not  im- 
probable, the  only  difierence  between  t,he  relative 
situation  of  the  air  and  the  blood,  in  the  lungs  and 
in  the  skin,  being  the  different  thickness  of  the  mem- 
brane by  which  they  are  separated.  The  first  expe- 
riments on  this  subject  appear  to  have  been  those  of 
Millet>  who,  while  the  botly  was  immersed  in  the 
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tvarm-bath,  observed  a  nurabcr  of  miiiute  air-bubtle 
^  attached  to  it,  some  of  which  he  collected,  and  upot] 
their  being  examined  by  Lavoisier,  the>'  were  found 
.to  consist  of  carbonic  acid.^     JSIr.  Cruickshanks  anAl 
Mr.  Abemcthy  afterwards  analyzed  the  air  in  whicbj 
the  hand  or  foot  had   been  confined  for  a  certaifti 
length  of  time,  and   detected  in  it  a  considerabli 
'  quantity  of  carbonic  acid,  thus  obviating  an  objection j 
4hat   has   been   xirged   against  the   experiments 
Alillet  and  some  others  of  a  similar  kind,*  that  thdl 
[  ,carlx>nic  acid  proceeded,  not  from  the  skin  but  from*] 
the  water,  in  which  it  had  been  dissolved,  and  framl 
•wliich  it  was  mechanically  separated  merely  by  tli 
presence  of  a  solid  substance  to  which  it  could  attacbj 
itself;    and  accordingly  when  the  experiment  wall 
repeated  by  Priestley,^  and  due  care  taken  to  prcventi 
the  adhesion  of  the  small  air-bubbles  to  the  body,  tbtoj 
production  of  carbonic  acid  did  not  take  place,' 

i  Mem.  Acad.  Science,  pour  1777.  p*  221 »  S60* 
^  Cruickshanki  on  Insens.  Pcrsp.  p.  81^  2.;  Ingenhciurz,  sur  ] 
Ic*  Vcgct.  Beet  28.  t.  i.  p.  1 3L  et  seq. ;  Aberncthy*f  E^ajr^ 
{mrt  2.  p.  1  IS*  et  <eq. 
f  On  Air,  v.iLp.  193,  *. 
*  Wc  have  a  series  of  experiments  on  thte  subject  by  Trotuii6lpl 
which  seem  to  Imve  been  performed  with  accuracy,  accompanied  i 
with  remarks  on  the  opinions  of  his  predecessors  ;  liis  conclusfoa 
was  that  oxygen  is  consumed  and  nitrogen   only  left,  wftbr 
put  the  production  of  carbonic  acid ;  Ann.  Chem.  t.  xlv.  |it  7S> , 
,  tety,  I  NicholioDV  Jour*  v.  v.  p.  50.  et  seq.    It  app6«ra»  hoi^\ 
that  this  result  has  not  been  confirnied^  and  it  does  not 
Brd  with  tiny  hypothesis  that  we  can  form  upon  the  subject  j 
'  the  skin  possesses  the  power  of  attracting  oxygen,  it  is  hi^bly 
lirobablc  that  it  will  produce  carbonic  acidi 
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A  set  of  very  elaborate  experiments  were  performed 
by  Jurine  on  the  effect  which  the  skin  produces  upon 
the  air,  the  results  of  which  appeared  to  prove  very 
decidedly,  tliat  oxygen  is  consumed  and  carbonic  acid 
generated  in  the  same  noianncr  as  in  the  lungs.  He 
not  only  established  the  general  fact,  but  he  examined 
the  quantity  of  effect  which  is  produced  under  the 
varioua  circumstances  to  wliieh  the  body  is  exposed, 
either  as  influenced  by  cxtemal  agents,  or  as  con- 
nected with  the  different  states  of  the  constitution  ; 
and  it  seemed  to  he  proved  that  the  amount  of  carbonic 
add  was  in  exact  proportion  to  the  activity  of  the 
circulation,  and  the  other  functions  dependent  npon 
it,'  Jurine's  experiments  were  of  so  simple  and 
direct  a  nature,  that  it  is  not  very  easy  to  conceive 
how  he  could  have  fallen  into  any  material  error 
either  in  their  execution,  or  in  the  inference  which 
he  deduced  from  them ;  yet  we  have,  on  the  other 
hand,  the  accounts  of  other  physiologists,  who  ob- 
tained totally  opposite  results.  Priestley  was  never 
able  to  detect  the  smallest  portion  of  carbonic  ticid  in 
air  that  had  been  kept  in  contact  wdth  the  skin  f  the 
same  was  the  case  with  Dr.  Klapp,^  and  Dr.  Gordon*^ 
both  of  whom  seem  to  have  conducted  the  process 
with  every  requisite  attention  to  accuracy,  but  could 
never  perceive  the  least  effect  to  be  produced  by  it. 

9  Mem.  Meet  Soc»  t.  x.  p.  53.. 72.  and  Encyc.  MeUi. 
**Medecinc,"  t.  i.  p.  510,  .5151  this  volume  was  publkheii  in 
1787. 

'  On  Air,  v,  v.  p.  100.  .7.  (iBt  sect.)  v.  ji.  p.  192,^9* 

»  Ellis's  Inquiry,  p.  183,  0.  mi  35*,  5. 

3  Ibid.  p.  355,  6, 
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Mr.  Ellis,  however,  informs  us,  that  he  was  present 
when  the  experiment  yfas  made  by  Dr.  M^Kenzie 
and  reports  that,  in  this  case,  there  was  an  evident 
production  of  carbonic  acid/ 

So  far,  therefore,  as  the  result  of  experiment  is  con 
Icenied,  it  appears  difficult  to  decide  upon  the  ques 
ition  respecting  the  chemiud  action  of  the  skin  on  | 
the  air  in  the  human  sulijcct,  the  authorities  on  eachJ 
( Bide  being,  as  we  find,   so  nearly  balanced.     J)ut  m\ 
the  cold-blooded  animals,  where,  from  various  cai 
1  it  is  more  easy  to  perform  the  experiment  in  an  iii! 
I  exceptionable  manner,  it  is  admitted  by  every  ouoj 
that  the  skin  possesses  the  power  of  acting  upon  thi 
air.     In  many  of  the  lower  tribes  the  lungs  are  en^ 
,  tirely  wanting,  yet  they  consume  oxygen  and  gene- 
Icate  carbonic  acid  like  the  more  perfect  animals,  and 
Ju  the  oviparous  quadrupeds,  who  are  funiished  with 
I  lungs,  it  appears  that  the  effects  produced  ui>on  the 
[air  by  the  external  surface  of  the  body,  is  ne^Iy 

*  Inquiry^  p.  358.  Mr,  ElUfs,  after  stating  the  fact»  that  hate 
leen  brought  forwards  on  each  side  of  the  question,  endeavours 
to  reconcile  the  apparent  contradiction  of  eiridence,  by  suppos- 
ing that  oxygen  ie  not  absorbed  by  the  skin,  nor  carbonic  acid 
discharged  from  it,  but  that  carbon  i«  excreted  by  the  ex* 
hftlents,  which  unites  with  the  oxygen  of  the  contiguoui  iiir» 
thus  extending  to  the  skin  the  same  action  which  he  conceivci 
to  take  place  in  the  lungs  ;  Inquiry,  p.  358.  But  it  may  he 
remarked  upon  thi«  hypothesis,  that  whatever  may  be  the  nature 
of  the  action  of  the  flkin  upon  the  air,  the  result  would  t>e  the 
aame  as  to  the  change  upon  the  air ;  and  that  we  are  equally 
unable  to  explain  vrhy  Jurine  obtained  carbonic  acid,  ithilc 
Priestley  and  others  could  not  procure  it. 


Expefiments  of  Dr.  Barry, 

equal  to  that  of  the  pulmonary  cavities*'^'  These 
considerations  have  been  supposed  by  some  physiolo- 
gists to^afford  a  proof  of  the  existence  of  the  same 
action  in  the  higlicr  orders  of  animals,  but  uhcn  so 
much  differeuco  of  structure  cxiijts,  the  analogy  seems 
to  be  of  very  doubtful  application. 


.Ill  tmi  APPENDIX, 

'' 

In   the  Ann,  de  Clum.  et  Phys.   for  Oct,   last^ 
t.  xi£x.  p*  191,-3,   there  is   a  notice  of  a  memoir, > 
"On  the  Influence  of  the  AtmoBpherc  on  the  Circu* 
lation  of  the  Blood/'  by  Dr.  Barry  of  Paris,  a  i?eport 
of  which  was  presented  to  the  Academy  on  the  15th 
August.     The  author  observes,  that  in   the  act  of  i 
inspiration  a  vacuum  is  produced  in  the  chest,  and^ 
that  consequently,  every  fluid  which  communicates  * 
with  it,  will  have  a  tendency  to  be  dra^vn  into  it,    A 
variety  of  facts  are  adduced  to  prove  that  this  is  the 
case,  such  as  the  swelling  of  the  jngnlar  veins  in 
inspiration,  the  cessation  of  certain  hiemoTrhagcs  in 
forced  inspiration,  and  the  absorption  of  air  into  the. 
veins,     A  series  of  experiments  was  performed  to  f. 
prove  this  position.     They  consisted  in  inserting  one^4 
end  of  a  tube  into  the  jugular  vein,  while  the  other 
end  w*as  immersed  in  a  coloured  fluid,  when  it  was 

5  Spallanzani,  Mem,  p*  1 50.  ei  seq, ;  Rapports,  U  u  passim. 
mW»  Intjuhy,  f  H2,  p.  Uil ;  §  662,  p.  353.  et  alibu  Edwards 
de  I'lnfluence  &c>  part  1.  di,  1.  §  4.  and  ch,  4.  Mem.  d'Arcueil, 
t  ii.  p.  '39:U  1. 
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observed  that  whencrer  the  animal  inspired,  tlie  fluid 
ascended  in  the  tube,  while  during  expiration,  the 
fluid  remained  stationary  or  was  even  repelled.     The 
account  which  we  have  of  the  experiments  is  too 
concise  for  us  to  form  any  very  accurate  estimate  of 
their  value,  but  they  appear  to  resemble  some  that 
were  performed  by  the  early  physiologists,  for  the 
purpose  of  proving  that  the  chest  is  more  pervious  to 
the  passage  of  the  blood  during  inspiration  than  dur- 
ing expiration.    The  obvious  objection  to  such  experi- 
ments in  the  abstract  is,  that  they  apply  to  Mhat 
occurs    in   extraordinalry    states  of  the   respiration, 
rather  than  to  its  ordinary  action,  and  that  in  the 
healthy  condition  of  the  system,  the  diflferent  states 
of  the  thorax  cannot  be  perceived  to  affect  the  pulse* 


i 
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'    Animal  Temperature.  34^ 

CHAPTER  VIII. 
OF  aHimal  tempe&ature. 

One  of  the  most  remarkable  circumstances  which 
distinguishes  the  living  body  from  dead  or  inanimate 
matter,  is  the  i)owcr  which  it  possesses  of  resisting, 
to  a  certain  extent,  the  changes  of  external  tempe- 
rature, or  of  maintaining  a  more  or  less  nniform 
degree  of  heat,  independent  of  that  of  the  substances 
with  which  it  is  in  contact.  As  animals  are,  in 
almost  all  instances,  immersed  in  a  medium  that  18 
colder  than  themselves,  we  iiave  much  more  frequent 
opportunities  of  observing  tlieir  power  of  generating 
heat  than  cold ;  but  we  shall  find  that  they  are 
capable  of  produciug  both  these  effects,  and  although 
it  will  probably  appear  that  they  depend  upon  essen- 
tially different  operations,  yet  being  intimately  con- 
nected with  each  other,  it  will  he  convenient  to 
consider  them  in  the  same  part  of  the  work. 

After  noticing  the  general  fact  of  the  powder  which 
animals  possess  of  regulating  their  temperature,  it  is 
MDttsary  to  observe  that  the  different  species  differ 
Tery  materially  in  the  degree  in  which  tlicy  possess 
this  power ;  those  that  have  the  greatest  iiumher  of 
organized  parts,  and  whose  functions  are,  in  other 
respects,  the  most  perfect  aud  varied,  being  able  to 
resist  the  changes  of  external  temperature  much  more 
effectually  than  the  lower  classes.  Hence  arises  the 
great  division  of  animals  into  warm  and  cold-blooded, 

as 
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the  first  inclutling  the  human  species,  the  mammifer- 
ous  quadrupeds,  and  birds,  the  second,  the  oviparous 
quadrupeds,  fishes,  and,  with  a  few  exceptions,  all  the 
invcrtebrated  animals,  Tlic  first  of  these  divisions, 
the  warm-blooded,  under  ordinary  circumstances,  re- 
tain the  temperature  of  their  internal  parts  at  a  cer- 
tain standard,  which  is  nearly  uniform  for  each  of  the 
three  classes.  The  temperature  of  birds  is  the  liighest, 
being  about  107*'  or  108",  that  of  the  vi\iparous 
quadrupeds  is  about  100^  or  101*^,  while  the  human 
temperature  is  a  little  lower,  being  97"^  or  98*^*  *     la 


>  We  shall  find  the  statements  that  are  made  by  different 
authors  of  the  temperature  of  warm-blooded  animals  not  to 
be  entirely  uniform.  This  may  depend,  in  some  measure,  upon 
the  inaccuracy  of  the  instruments,  or  upon  the  mode  in  which 
they  were  applied,  but  we  eh  all  also  find  that  the  tempemture 
itself  is  liable  to  he  affected  by  circumstances  of  which  we  were 
formerly  not  aware.  Marline,  who  on  all  subjects  respecting 
temperature,  may  be  regarded  as  one  of  the  most  correct  of  the 
earlier  writers,  has  given  us  a  number  of  observations  made  by 
liimself  and  others,  from  which  lie  deduces  the  human  tempera- 
ture to  be  '*  about  97"  or  98** ;"  the  heat  of  the  warm-blooded 
quadrupeds  and  the  cctacete,  he  fixes  at  about  4°  or  5**  abov^ 
that  of  man,  and  the  heat  of  birds  about  4°  or  5°  still 
higher ;  E^ays,  No.  4.  Art.  4*  p»  143,  et  seq,  Marlitie*i  »• 
ttmate  of  the  human  temperature  seems  to  be  sanctioned  by 
the  most  correct  of  the  modern  physiologists ;  it  is  also  gto^ 
rally  admitted  that  the  temperature  of  birds  is  some  degftii 
higher,  although,  perhaps^  the  difference  may  be  less  than  1^ 
imagined.  Hunter  estimates  tlicir  temperature  at  $*  or  4®lbo*^ 
the  mammalia  ;  PhiL  Trans*  for  1778,  p.  23, ,  5.  Richerard  ify»i 
that  iheir  temperature  is  from  8^  to  10^  above  that  of  iBtf** 
lliystol.  i  79.  p.  215.  Blumenbach  estioiates  Uie  hisman  lev* 
persture  at  96^,  and  that  of  birds,  he  remarks,  is  considersbljf 
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the  coW-blooiled  animals  the  temperature  is  much 
less  unifonn,  and  indeed  nearly  follows  that  of  the 

higher;  Physiol*  p.  96*  Reeve,  that  it  is  froni  3*"  to  6"  higher 
ihau  that  of  quadrupedi;  On  Torpidity,  sect*  5,  p,  61  ;  Dr* 
Thomson   that  it  is  103^  or  104'=';   Chemistry,  v.  iv*  p*  630 ; 

Dr.  Edwards  in  one  part  of  hts  work,  p.  136,  remarks  that 
their  temperature  is  from  2^  to  3*  (cent),  and  in  another 
passage,  p.  158,  from  3"^  to  4*"  (cent.)  greater  than  that  of  the 
mammalia-  We  meet  with  a  curious  observation  in  Boyle, 
which,  if  correct,  may  bear  upon  this  point,  that  birds,  with  the 
exception  of  water-fowls,  are  more  easily  drowned  than  other 
■nimals  ;  Works,  v*  iii.  p,  368. 

It  is  uncertain  how  far  the  peculiar  structure  which  is  con- 
nected with  the  pulmonary  cavities  in  birds  is  related  to  their 
higher  temperature  ;  Hunterp  in  his  essay  on  the  "  Air*cells  in 
Birds/'  judiciously  remarks,  ''I  can  hardly  think  that  any  air 
which  gets  beyond  the  vesiculated  lungs  themselves  is  capable 
of  affecting  the  blood  of  the  animal,  as  the  other  cavities  into 
which  it  enters,  whether  of  the  soft  parts  or  of  the  bones,  appear 
to  be  very  little  vascular."  Observ.  on  the  Anim.  CEcon,  p*  97, 
This  consideration  would  lead  to  the  idea»  that  the  use  of  these 
cells  is  rather  mechanical  than  chemical^  and  is  in  some  way 
connected  with  the  act  of  flying.  Hunter  indeed  supposes  it  to 
be  an  objection  to  this  opinion,  that  those  cells  are  equally 
found  in  birds  that  are  incapable  of  ilight ;  see  his  paper  in  FhiL 
Trans,  for  171^9  p.  205*  et  scq. ;  but  an  objection  of  this  kind 
might  be  urged  with  respect  to  almost  every  organ  and  function 
with  which  the  body  is  provided*  In  an  abstract  of  a  paper  of 
Despretz,  published  in  the  Edinburgh  Jour,  of  Scien,  v*iv,  p.  185, 
the  temperature  of  pigeons  is  said  to  be  109'371'^,  that  of  man 
being  between  93°  and  99**,  and  of  a  dog  103°. 

With  respect  to  the  extreme  variations  of  the  human  tempe- 
rature, Dumas  informs  us  that  it  ranges  from  87°  to  IDS'* ;  he 
fixes  the  habitual  degree  at  95°  or  96°,  Physiol,  c.  6.  t.  iii.  p.  126. 
M.  Magendie  notices  the  general  tact  of  the  variation  to  which 
the  human  temperature  is  subject,  as  depending  upon  constitu- 
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medium,  whether  air  or  wat^^f  in  which  they  are 
immersed^  being  generally  one  or  two  degrees  above 

4JaOi  temperament,  ^c« ;  ho  agrees  with  Dr,  Edwards  in  recom- 
||;)dncling  the  arm-pit  as  (he  mofit  proper  ^icu^tion  for  applylog 
the  thermometer;  Fhydiol*  t.  Ji.  p.^OS.  Dr.  Edwards^  as  well 
^  Mf  Mage n  die,  observes  that  there  is  a  little  difference  be* 
tween  the  temperature  of  di  lie  rent  iqdividuaU ;  he  informs  m 
that  he  ex^miaeJ  20  per&oas«and  faimd  it  to  vary  from  nearly  9j° 
to  981^  (S5'5  to  37  cent)  the  mean  of  which  will  be  about  97^. 
(36' 12  cent.)  This  refers  to  the  adi^lt,  for  in  infancy  the  tem- 
p^ri^ture  is  decidedly  less,  being  upon  the  average  about  9^4'' 
(S^  75  cent.).  See  also  the  obeervatioiis  of  Desprets^  in  Edin. 
Jour,  of  Sci^.  V.  iv.  p*  1S5*  He  aUo  it^fprms  us  that  it  varies 
according  to  the  season  of  the  year»  gradually  increasing  during 
the  spring  and  declining  again  during  the  autumn  ;  be  found  the 
difference  in  birds  to  be  nearly  i"^  cent. ;  from  105'^  to  nearly  11 T 
(from  iO'B  to  i3'77  cent.)  p«  4-89.  It  is  not  very  easy  to  ascertaiii 
what  is  the  greatest  height  to  which  the  human  temperature  is 
occasionally  raised  in  fevers  or  other  morbid  conditions  of  the 
body ;  as  until  lately  the  observations  have  been  seldom  madt; 
with  mncb  accuracy.  It  would  appear  from  various  noticei  in 
Currie's  Medical  Uepqrts,  that  in  the  moat  acute  fevers  the  tem- 
perature seldom  or  ever  exceeds  107^.  See  also  Sdin.  Md- 
Jour.  V.  itJtii.  p*  363.  Dr.  Edwards  relates  an  observation  of  M- 
I'revost's,  where  a  patient  in  tetanus  had  the  heat  elevated  1^ 
cent,  above  the  ordinary  standard  ;  p.  IrliO.  We  have  a  singulsr 
ilotement  made  by  M.  Magendle,  of  the  high  temperature  whiclt 
tlie  blood  occasionally  acc|uires  in  local  inHammation^  but  ib^ 
authority  is  not  quoted;  FhysioL  t,  ii>  p.  iOQ«  Hunter,  m  bit 
work  an  the  Anim>  GCcon.  note  to  page  113|  observes,  '^  It  is 
found  from  experimentSi  that  the  heat  of  an  inflamed  part  ii 
nearly  the  greatest  or  standard  heat  of  the  animals,  it  appearing 
to  be  a  part  of  the  process  of  iniiamtuation  to  raise  the  heat  uf 
to  the  standard  "  hut  there  is  probably  some  inaccuracy  elth^ 
iu  tba  ubservatioii  or  Uie  expression.    In  his  work  on  thft  bloodi 
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it,  in  the  ordinary  state  of  the  atmosphere*^  Tire 
topics  which  will  more  particularly  require  our  exa- 
mination on  this  suhject  are,  1,  What  is  the  efficient 
cause  or  source  of  animal  heat ;  9.  By  what  means  is 
its  uniformity  preserved  ;  3.  How  is  the  body  cooled 
at  high  temperatures ;  and  lastly,  what  is  the  con- 
nexion between  the  functions  of  calorification  and  the 
vital  powers  of  the  system. 

he  gives  ua  the  result  of  a  number  of  observatlona  which  he  had 
made  upon  the  temperature  of  an  inflamed  part ;  the  greatest 
heat  that  h  recorded  is  104?^,  n.  296.  He  remarks  that  tlio 
actual  temiperature  in  indammation  h  not  so  much  increased  as 
tlie  lensation  would  seem  to  indicate.  Dr.  Granville  has  lately 
communicated  some  curious  facts  respecting  the  temperature  of 

I  the  uterine  system  during  parturition,  from  which  it  appears 
that  it  occasionally  rises  to  120°,  the  elevation  appearing  to  bear 

I      a  proportion  to  the  degree  of  action  in  the  organ ;  Phil*  Trans, 

'      forl625pp.  262..4. 

I  ^  For  the  temperature  of  the  cold-blooded  animals  it  may  be 

I  sufficient  to  refer  to  Marline,  p,  241  etseq.;  Hunter  on  the 
Anim.  CEcon*  p.  116,  9;  also  on  the  Bloody  p.  298  et  seq* ; 
Spallanzaniy  Mem.  p.  255  et  seq. ;  and  Ellis,  p.  215  et  seq. 
Hunter  observes  that  the  warm  and  cold-blooded  animals  might 
be  more  properly  termed  animals  whose  heat  is  permanent  or 
variable,  according  to  that  of  the  atmosphere;  On  the  Blood, 
liote  in  p,  15;  also  Phil,  Trans,  for  1778,  p*  26.  ,8 ;  where  he 
relates  a  number  of  experiments  on  the  degree  in  which  the 
temperature  of  the  cold-blooded  animals  is  alFected  by  Uie 
medium  in  which  they  are  immersed*  Broussonet  remarks  that 
the  temperature  of  fish  is  from  |  to  |  a  degree  ( K,)  higher  than 
that  of  the  medium  in  whtclt  they  are  immersed ;  Mem.  Acad. 
pour  1785,  p.  191,  and  M*  Despretz  found  the  temperature  of 
a  carp,  immersed  in  water  at  51*4  to  be  53^;  Edio.  Jour,  of 
Scien.  v.  iv.  p,  185, 


Ui 


Of  the  efficient  came  of  Animal  Heat. 


§  1.  0/ihc  efficknt  cause  of  Animal  Heat* 

The  body  is  siirroiinded  by  an  atmosphere,  which 
lis  fi^equently  40,  50,  or  even  a  greater  number  of  1 
degrees  colder  than  itself,  so  that  heat  must  be  rapidly  i 
abstracted  from  it,  yet  it  possesses  the  power  of  con* J 
tinually  supplying  the  loss  thus  occasioned.  Thi 
•faculty  appeared  to  the  ancients  so  far  beyond  th6 1 
[Teacli  of  all  physical  agency,  that  they  did  not  even] 
attempt  to  assign  any  cause  for  it,  but  regarded  it  a^j 
an  innate  quality  of  the  body,  or  something  cssen^j 
tially  counectcd  with  life,  so  that  in  specidating  upon  j 
the  subject  of  animal  temperatme,  they  tliought  itj 
,  necessary  to  direct  their  inquiries  rather  to  the  model  j 
by  which  the  heat  of  the  body  might  be  reduced  tdJ 
the  proper  standard,  than  be  maintained  above  that  ofl 
the  surrounding  medium.  Without  entering  into  an^l 
minute  detail  of  opinions,  which  can  be  interesting] 
only  from  their  antiquity,  it  may  be  sufficient  to] 
Tcmark  that  Galen  and  the  ancients  generally  con*j 
ceived  animal  heat  to  be  an  innate  or  primary  qualit^fj 
of  the  body,  and  tliat  it  is  contemporary  with  life.*] 
Its  origin  or  focus  was  supposed  to  be  in  the  heartfj 
from  wliich,  by  means  of  the  blood,  it  was  distrihutedJ 
to  all  parts  of  the  system.  A  principal  ofTice  of  thel 
circulation  was  therefore  supposed  to  be  the  conveys 

3  For  the  opinions  of  the  andcnts  see  Boerhaave,  Pncle 
%  169,  202.  cum  nolis  ;  Haller,   EL  Phys.  vi.  3.  8;  we  have  lil 
account  of  the  doctrme  maintained   by   llippocrate:!   on  tKill 
fuhject  in  his  Treatise  de  Cortlc,  Op.  L  i,  p»269;  also  in  Le 
Clcrci  iliflt.  de  Ja  McUccinei  p.  125* 


History  of  Qpinmii* 

ance  of  this  heat  to  the  various  organs,  wliile  one 
great  use  of  the  respiration  was  to  cool  the  blood, 
or  to  prevent  its  beat  from  exceeding  the  degree 
which  was  consistent  with  the  well  being  of  the 
animal.  After  the  revival  of  letters,  when  the  causes 
of  the  phenomena  of  the  living  body  began  to  fomi 
an  object  of  investigation,  physiologists  still  very 
generally  regarded  the  blood  as  the  source  of  animal 
heat,  and  according  to  the  peculiar  theory  which  they 
had  adopted  respecting  the  operations  of  the  system, 
they  explained  the  production  of  heat  cither  upon 
chemical  or  mechanical  principles.     The  chemists* 

^  See  Haller,  El.  Phys.  vi.  S.  8,  10,  for  a  summary  of  these 
opinions.  As  a  specimen  of  the  opinions  and  mode  of  reasoning 
that  were  adopted  on  this  subject  by  the  chemical  physiologists^ 
I  may  refer  to  the  Treatise  of  Willis,  **  de  Accensione  Sanguinis/' 
which  was  probably  written  in  the  year  1 670-  I'he  aullior  sup* 
poses  that  there  is  a  proper  combustion  in  the  bloody  which^ 
according  to  his  general  principles,  depends  upon  the  fermen- 
tation excited  by  the  combination  between  different  chemical 
substances*  He  strenuously  maintains  the  doctrine  of  the  life 
of  the  blood,  which  he  conceives  to  consist  in  its  property  of 
producing  heat.  In  the  middle  of  tlie  last  century  we  had  a 
very  learned  dissertation  by  Stevenson ;  Ed.  Med.  Essays,  v.  v. 
pt.  2.  p.  806,  et  seq*  He  observes  that  four  opinions  were  tlieu 
prevalent ;  L  That  animal  heat  depends  upon  attrition  between 
the  arteriea  and  the  blood;  2,  That  the  lungs  are  the  fountain 
of  this  beat;  3.  That  the  attrition  of  the  parts  of  the  solids 
upon  each  other  produce  it;  and  lastly,  the  process  by  which 
our  aliments  and  juices  are  constantly  undergoing  some  altera- 
tion* With  respect  to  the  idea  of  the  heat  being  derived  from 
the  lungs,  the  author  adduces  various  arguments  to  prove  thai 
the  blood  is  rather  cooled  than  warmed  in  passing  through  the 
puloiooary  vessels.    Tins  final  conclusion  is  ia  favour  of  tlig 
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ascribed  it  to  fermeutation  in  the  blood  whid) 
took  place  in  the  hearty  while  the  mcchauiciaus 
accounted  for  it  by  the  friction  of  the  particles  of  the 
blood  .igaiiist  the  sides  of  the  vessels,  and  conse- 
qucntly,  supposed  that  it  was  produced  during  tb^ 
course  of  the  circulation.* 

Although  we  meet  with  oceasional  expressions, 
which  may  appear  to  indicate  a  more  correct  opinion, 
yet  perhaps  the  first  clear  intimation  of  a  regular 
hypothesis  to  account  for  the  generation  of  animal 
licat,  upon  what  wc  should ,  now  consider  as  a  legiti- 
mate mode  of  reasoning,  is  to  be  met  with  ia  the 
writings  of  Mayow.  After  he  had  made  his  interest- 
ing discoveries  on  the  constitution  of  tlie  atmosphere, 
and  the  share  which  it  has  in  the  extrication  of  heat 
in  combustion,  he  was  led  to  extend  the  analogy  to 
animal  heat,  and  concluded,  contrary  to  the  opinion 
almost  universally  embraced  at  that  time,"  tliat  the 


last  suppasltion;  he  remarks  concerning  it|  ilmt  heat  is  frequently 
excited  by  tlie  chemical  change  which  rcsulu  from  the  mixturd 
of  fluids  ^ith  each  other,  and  that  these  changes  proceed  either 
from  fermentation  or  putrefaction;  the  case  in  questloti  he  A&* 
cides  to  be  one  of  fermentation,  or  rather  something  Inter- 
mediate between  the  two.  He  supposes  that  the  process  is 
principally  carried  on  in  the  veins^  and  les«  in  the  lungs  than  io 
tlte  other  ports  of  tlie  body. 

^  For  specimens  of  tlie  mechanical  mode  of  reasoomg,  ttft 
noerhaave,  Aphor.  cum  notis  Sweiten ;  %  382.  675.  Perhaps  tha 
last  attempt  to  form  a  mechanical  theory  of  animal  heat  (al  loMi 
in  this  country)  is  that  of  Douglas,  publislied  in  17^7  ;  he  1^ 
down  the  theorem  that,  '<  animal  heat  is  generated  by  tb«  (Vje« 
lion  t»f  the  globules  of  blood  in  the  extreme  capillariesi"  p.  4>7> 

^  The  following  arc  among    the   eminent  physi^lc^tf  of 


^m^  "       j 
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me  af  tlie  limgB  is  not  to  cool  the  heart,  but  to 
generate  heat,  an  effect  which  is  brought  about  by  the 
absorption  of  the  nitro-aereal  spirit  of  the  air.    This, 
mixing  with  the  sulphureous  particles  of  the  blood, 
excites  a  species  of  fermentation  by  which  heat  is 
produced,  in  a  way  precisely  similar  to  that  in  which 
heat  is  excited  by  the  combustion  of  inflammable 
matter  generally.**     Mayow  therefore  expHcitly  ad- 
vanced the  two  positions,  that  the  effect  of  respiration 
is  not  to  cool  the  blood,  but  to  generate  heat,  and 
that  it  does  this  by  an  operation  in  every  respect 
analogous  to  combustion.     His  hj^pothesis  was  how- 
ever imperfect  in  consequence  of  the  erroneous  opi- 
nions which  he  entertained  respecting  tlie  nature  of 
combustion  generally,  or  the  mode  by  which  comhns* 
tion  generates  heat,  as  well  as  respecting  the  nature  of 
the  combustible  matter  which  is  discharged  from  the 
blood.     Perhaps,  however,  this  latter  should  be  re- 
garded as  a  verbal,  rather  than  as  a  real  inaccuracy,  the 
word  sulphureous  being  a  general  term  applied  to  any 

that  period,  who  supposed  that  the  effect  of  respiration  is  to  cool 
the  blood,  Sylvius,  Disp*  Med.  cap.  7;  Fahrtcius  de  ftespira- 
tione,  lib.  L  cap.  6  ;  Bartholine,  Anat.  p.  ^30  ;  Harvey  de  Motu 
Cordis,  Ex.  2-  p,  194-,  5.  and  Ex.  3.  p.  232;  Swammerdam,  de 
Hespirattone,  sect.  L  c.  1.  |  9.  and  c.  3.  §4;  Descartes  sup- 
poses that  the  fermentation  of  the  blood  in  the  heart  produces 
heat,  which  ia  carried  from  this  organ  over  the  body  ;  De  Ho- 
mine,  p.  197.  Boyle  remarks  that  "divers  of  the  new  philoso- 
phers, Cartesians^  and  others,  think  the  chief,  if  not  the  sole  use 
of  respiration^  to  be  the  cooling  and  tempering  of  the  heat  in  the 
heart  and  blood,  which  otherwise  would  be  immoderate/'  Works, 
V.  i.  p.  105.  Haller  discusses  the  question  in  El.  Phys,  viii,  5j  C. 
6  Tract  p.  151  et  secj. ;  296,  7, 
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kind  of  iiiflamniable  matter,  not  as  is  now  the  case,| 
confined  to  one  species.    Mayow's  doctrine  respecting 
the  connexion  between  respiration  and  animal  heat 
does  not  appear  to  have  made  any  considerable  im» 
pression  upon  the  minds  of  the  contemporary  physio«j 
logists,  for  we  find  that  the  old  liypotheses  still  cott* 
tinned  to  prevail  with  little  alteration,  or  only  withi 
slight  and  immaterial  modifications,  until  the  middle^ 
of  the  last  century.     During  this  period  the  questionj 
was  warmly  discussed,   whether  the  lungs  were  thai 
agents  for  generating  heat,  or  for  reducing  the  tera-1 
pcraturc  of  the  blood  by  bringing  it  into  proximitjr] 
with  the  cold  air,  and  the  sentiments  of  the  most' 
eminent  physiologists  appear  to  liave  been,  for  the  most 
part,  in  favour  of  the  latter  opinion.     And  it  must  I 
be  remarked,  that  even  most  of  those  who  adopted  j 
the  former  opinion,  that  the  lungs  serve  to  generate 
heat,  supposed  that  the  effect  was  produced  entirely 
by  friction  or  some  other  mechanical  means.' 

It  was  not  until  after  Black  had  completed  his 
valuable  train  of  expcrimenta  on  fixed  air,  that  more 

7  See  Boerhaave,  FrEelcct  §  202.  220,  cura  notis;  Boerhaave«J 
Aptior.  382.  cum  CommenL  Swdten  ;   Hallerj  prini^  lin,  \  305  r 
Marline  and  Stevenson  ubi  supra;  Cullen  displays  his  accus- 
totnt'd  cauliun  In  exaroining  hito  ihe   cause  of  animal   heatt 
Fhysfol.  %  262  ;  he  perceived  the  connexion  which  there  seemed 
to  be  between  the  lungs  and  the  proLluction  of  heat,  but  he  could 
.  not  account  for  the  method  in  which  they  act  in  producing  k, 
l^aller,  as  usual,  gives  us  a  a  account  of  the  opinions  that  had  { 
lleen  entertained  on  both  sides  of  the  question^  and  inclines  to 
Itite  negative;  EL  Phys.  vi«  3.  13«  sub  linem.     Perhups  Morozzo 
lis  the  latest  author  of  any    considerable    respectability,  wha 
defendi  the  opinion  that  the  effect  of  rcspirftUoa  is  to  cool  the 
biooA  i  Jour.  Pbyi.  t.  3uv.  p.  120* 
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correct  ideas  begaa  to  prevail  respecting  tlie  cause  of 
animal  heat.  After  he  had  discovered  that  the  same 
kind  of  aeriform  fluid  which  is  produced  by  the 
burning  of  fuel  is  expired  from  the  lungs,  a  strict 
connexion  seemed  to  be  established  between  the  pro- 
cesses of  combustion  and  respiration.  He  was  hence  led 
to  infer,  as  Mayow  had  previously  done,  that  rcspira- 
tion  is  a  species  of  combustion^  and  that  the  heat 
tfius  extricated  is  employed  in  preserving  tlie  tem- 
perature of  the  animal  body  above  that  of  the  sur- 
rounding medium.  But  Black's  explanation  of  the 
cause  of  animal  heat,  although  extremely  ingenious, 
and  founded  upon  what  appeared  to  be  correct  prin- 
ciples, was  liable  to  an  objection  which  prevented  it 
from  being  generally  received.  It  was  said,  that  if 
the  lungs  are  the  seat  of  the  supposed  combustion,  or 
the  focus  whence  the  heat  rathates  to  all  parts  of 
the  body,  their  temperature  must  be  much  superior 
to  that  of  the  other  organs,  and  in  short,  that  they 
woidd  be  altogether  incapable  of  supporting  the 
degree  of  heat,  to  which  they  woidd  be  necessarily 
exposed.  We  do  not  fiod  that  Black  made  any 
attempt  to  repel  the  objection,  and  ^vc  may  presume 
that  he  conceived  it  so  formidable,  as  to  have  induced 
him  altogether  to  relinquish  the  hypothesis.® 

^  Although  ihere  appears  to  be  no  doubt  that  BJack  applied 
his  discovery  of  ihe  formation  of  carbonic  acid  in  respiration  to 
explain  the  production  of  animal  heat,  we  do  not  find  any  refer- 
ence to  it  in  his  lectures,  as  they  were  afterwards  published  by 
R  obi  son.  We  may,  however,  conclude  that  he  announced  the 
hypothesis  in  his  lectures,  and  that  it  became  generally  known 
through  this  medium;  see  the  Remarks  of  Menzies  on  Ilespira- 
tioDi  p.  35  J  Murray,  Chem.  v.  iv.  p.  571;  ThooMOD,  Cheui* 


ini 
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Lavoisier  now  entered  upon  his  researches  inta" 
the  nature  of  combustion  and  other  analc^ous  ope--* 


I 

^^  T,  iv*  p.  630;  and  Ellis,  Inquiry,  p.  234  ;  Mr.  Ellis  iajs,  that  the 
^^  ohjection  referred  to  io  ihe  text  was  urged  by  Cullen;  also' 
^H  Robison  in  his  preface,  p*  5S*  Probably  Cullen^  in  the  follow- 
ing passage  in  bis  "  InstitutiooSj''  §  268*  may  refer  to  Black's 
hypothesis,  *'  We  take  no  notice  of  the  suppositions  which  have 
been  tnadc  of  the  generating  poii*ers  being  confined  to  ctrtain 
small  portions  of  the  system  only*  These  suppositions  give  n&^ 
relief  in  the  general  theory  :  and  ihey  are  not  supported  by  any 
particular  evidence.  The  breathing  animals  are  the  warmest  i 
but  that  they  are  warmer  becau^  they  breathe,  is  not  more 
probable,  than  that  they  breathe  because  they  are  warmer," 
Leslie's  Treatise  on  Animal  Heat  contains  an  account  df  the' 
popular  objections  to  BlackS  doctrine;  his  own  hypothetii  is 
that  phlogiston  is  naturally  developed  by  thfi  vessels  and  gtne*^ 
rates  heat.  Dr.  Black,  with  the  modesty  and  scrupulous  regard 
to  the  literary  rights  of  bis  contemporaries^  which  formed  so 
distinguished  a  trait  in  his  character,  when  speaking  of  Craw- 
ford s  hypothesis  of  the  difterent  capacities  of  bodies,  Mys,  thai 
he  applied  it  *'  to  explain  the  heat  maintained  in  the  bodiei  of 
animals/*  without  any  allusion  to  hie  own  opinions  ;  Lect<  ?#  S» 
p.  205,  6>  It  was  about  ibis  period  of  the  investigation  thai 
Franklin  threw  out  a  conjecture  on  the  source  of  animal  heat, 
that  the  matter  of  heat  was  taken  into  the  body  along  with  the 
food,  and*  was  set  at  liberty  during  the  successive  changes  which 
Uie  aliment  aflerwards  experiences;  Works,  v,  ii.  p.  79^  125*  This 
hypothesis  was  subsequently  taken  up  by  Higby  and  dilated 
into  a  Treatise;  see  sect.  L  of  bis  Work  on  Animal  Heat, 
Richerandi  to  a  certain  extent,  adopts  the  same  flew  of  the 
subject^  but  his  remarks  are  vague  and  diffbse  ;  Physiol,  f  79. 
p.  2H,  I  may  remark,  that  an  opinion  something  similar  to  thit 
had  been  previously  formed  by  Descartes;  he  says  that  the 
change  which  the  food  undergoes  in  the  stomach  produccf 
heat,  in  the  same  manner  as  when  water  is  poured  upon  lime» 
or  aqtia  fortia  upon  metals ;   Dc  Hominoi  p*  7«    lluniet  abe 
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rations,  and  after  repeating  and  verifying  mc-my  of 
the  experiments  of  Black  and  Priestley,  he  pointed 
out  more  clearly  than  they  had  done*,  the  exact 
nature  of  the  change  whicli  is  produced  upon  the 
air  by  the  action  of  the  lungs.  He  found  a  perfect 
similarity  between  the  residts  which  he  obtained  from 
the  combustion  of  charcoal  and  the  products  of  res-' 
piration,  and  as  the  evolution  of  heat  is  the  necessary 
consequence  of  the  former  operation,  he  was  induced 
to  draw  the  same  inference  that  had  been  previously 
made  by  Black,  that  heat  must  be  generated  by  the 
formation  of  carbonic  acid  in  the  lungs.  He  docs 
not  appear,  at  least  in  the  first  instance,  to  have  felt 
the  objection  that  had  been  urged  against  the  doc- 
trine, but  brings  it  forwards  as  a  correct  deduction 
from  acknowledged  facts,  and  as  a  satisfactory  method 

of  explaining  the  phenomena/' 

i 

coiuiders  u  probable  iliat  the  priticii>al  source  ef  heat  is  in  the 
stomach  ;  On  the  Blood,  p.  *292  ;  the  remark  is,  however,  made 
m  an  incidental  manner,  and  he  bad  expressed  himself  in  ano- 
ther passage  tn  the  same  work  dissatisfied  with  all  the  theories 
of  animal  heat,  as  not  according  with  the  facts  ;  p.  1 5. 

9  Metn.  Acad.  Scien*  pour  1777,  p.  599.  In  tracing  the  pro- 
gress of  discovery  on  this  subject,  it  appears  somewhat  difficult 
to  ascertain  the  share  which  Black  and  Lavoisier  respectively 
bore  in  establishing  the  chemical  theory  of  animal  heat,  Lavoi- 
sier, in  the  above  memoir^  speaks  of  the  hypothesis  as  entirely 
original,  and  altogether  derived  from  bis  own  experiments,  with- 
otit  referring  to  any  precctling  authors,  and  the  same  statement 
15  made  by  Scguin  ;  Ann.  Cbem.  t.  v.  p.  £59 ;  see  also  Fourcroy, 
Med*  Eclair*  t,  i.  p*  56.  *  61.  There  seems,  however,  to  be  no 
doubt^  that  as  far  as  respects  the  production  of  carbonic  acid  in 
the  lungs,  and  the  consequent  cvolutioa  of  beat,  he  bad  been 


95$ 


Theorif  of  Crawford. 


P 


It  was  shortly  after  this  period  that  Crawford  com* 
( jnenced  his  investigations,  and  illustrated  the  subject^ 
by  a  series  of  very  elaborate  and  ingenious  exj 
Bients ;  the  result  of  wliich  was  the  formation  of  %{ 
theory  of  animal  heat,  which  appeared  to  account  fo?] 
all  the  phenomena,  and  to  he  founded  upon   dcci» 
sive  and  well  established  facts,  wliile  it  was  not  UablQJ 
to  the  objection  which  had  been  urged  against  Black's] 
hypothesis.     The  scrupulous  care  with  which  Craw^i 
ford  endeavoured  to  avoid  every  source  of  inaceuracyij 
the  ingenuousness  with  which  he  acknowledged  tliej 
errors  of  his  first  experiments,  and  the  spirit  of  earn] 
dour  which  pervades  every  part  of  his  work,  wer 
calculated  to  produce  a  very  favouiablc  impressioij 
with  respect  both  to  the  intellectual  and  the  nioraLj 
qualities  of  the  author,  so  that  his  doctrine  was  vcrjT 
favourably  received,  and  generally  embraced  by  hij 
contemporaries. 
Crawford's  theory  of  animal  heat  may  be  regarded] 

compleiely  an  tic  (paled  by  Black,  while  he  does  not  advert  to  th 
objectioQ  which  had  been  urged  against  the  hypothesis*    Al^ 
thoygh  we  admit  that  Robison's  zeal  for  the  reputation  of  hi| 
deceased  friend  may  have  carried  l\nn  too  far  in  his  obdcrvationlj 
upon  the  rival  claims  of  the  two  philosophers^  it  seems  but  ta 
probable  that  Lavolaier  waa  not  always  Bufficientlj  correct 
appropriating   the  due  share  of  merit  to   liis   contemporaric 
II  circumstance  the  more  to  be  lamented,  when  we  coDsider  I 
Tery  great  obligations  which  he  conferred  upon  science* 
arc  some  good  observations  on  this  subject  in  NichoUonV  Jou 
v»  xiv.  p.  90, 2fU^  et  seq.    I  nnay  remark  that  Crawford,  who  wt 
distinguished  for  his  candour  and  liberality,  does  not  refer 
Black,  as  having  advanced  any  hypothesis  of  animal  heat, 
docs  he  miimute  tliat  \n&  own  opinions  had  been  aatiui 
Lavoisier* 
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as  foimded  upon  the  three  following  positions; 
1.  That  the  air,  when  taken  into  the  lungs,  under- 
goes the  same  change  as  by  the  combustion  of  a  car- 
bonaceous bofly,  and  that  consequently^  in  the  same 
manner  as  in  the  combustion  of  carbon,  heat  is  gene- 
rated. 2.  The  same  process  by  which  the  oxygen  of 
the  inspired  air  is  converted  into  carbonic  acid  like- 
wise converts  the  venous  into  arterial  blood,  but 
arterial  possessing  a  greater  capacity  for  heat  than 
venous  blood,  the  heat  which  woidd  otherwise  raise 
the  capacity  of  the  arteriahxcd  blood,  is  employed  in 
saturating  its  encrcascd  capacity,  and  in  maintaining 
its  temperature  at  the  same  degree  with  the  venous- 
3.  The  heat  is  not  therefore  actually  set  at  lilx^rty  in 
the  lungs,  although  the  arterial  contains  a  greater 
quantity  of  absolute  heat  than  the  venous  blood,  but 
it  is  during  the  cotn*se  of  the  circulation,  when  the 
arterial  blood  is  again  venalized,  and  consequently 
loses  its  encreased  capacity,  that  the  heat  becomes 
sensible  and  supports  the  temperature  of  the  system. 
The  hypothesis  which  Crawford  constructed  upon  tlic 
above  positions  professed  to  be  the  result  of  direct 
experiment  in  all  its  parts  ;  it  removed  the  objection 
that  had  been  urged  against  Black's  doctrine,  and 
afforded  one  of  the  most  interesting  and  beautifid 
specimens  of  the  application  of  physical  and  chemical 
reasoning  to  the  animal  oecoooray  that  had  been  ever 
presented  to  the  world*^ 

'  We  ha?e  a  correct  and  judicious  summary  of  Crawfonl's 
theory  given  us  in  Prof,  de  k  Rive's  elegant  inaugural  dUserta- 
lion  **  l>e  Ciyori  ilnimali,"  p.  26,  ct  Bcq.j  aud  in  Dr.  Henry's 
ElementBi  v.  ii.  p,  407* 
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*Hie  first  of  the  above  positions,  the  diffcTent  cupi 
eitios  for  heat  of  the  air  before  and  after  it  ha 
imdergoue  the  change  which  it  experiences  in 
bustiou  or  in  respiration^  constituted,  as  is  well  kno^ 
the  naaiu  point  to  which  Crawford  directed  his  cla^ 
borate  train  of  experiments,  and  forms  the  ham^  of 
his  theory  of  inflammation  generally,  of  which  animal 
heat  composes  only  one  example.  With  respect  to 
the  second  position,  the  dificnmt  capacitieji  of  arterial 
and  vcnons  blood,  Crawford  made  this  the  subject  of 
a  long  and  carefid  examination,  and  although  there 
are  many  parts  in  it  of  very  delicate  exeoutioBt  aod 
which  required  a  minute  attention  to  various  circuitt- 
stances  that  might  interfere  with  the  results;,  yet  be 
appears  to  have  been  so  well  aware  of  the  soiuroea  i 
error,  and  to  have  so  carefully  guarded  against 
that,  I  think,  a  perusal  of  the  experiments  can 
fail  to  impress  the  mind  with  a  conviction  of 
general  tnith.  The  conclusion  which  Crawford 
duced  was,  that  the  speciiic  heat  of  arterial* 
giMlir  than  that  of  venous  blood  in  an  average 
I^ortion  of  114*5  to  100.  If  we  admit  the  fact, 
conclusion  is  obvious  and  most  important.  It  fo 
that  when  the  blood  is  converted  from  the  venow  I 
the  arterial  state,  it  renders  latent  a  pait  of  the 
which  would  otherwise  have  been  liberated  by 
union  of  the  oxygen  and  the  carbon,  and  wotdd  haf 
raised  the  temperature  vf  the  blood  in  tlic  pulmc 
vessels.  The  heat  therefore  appears  to  be  employe 
in  three  ways;  a  part  of  it  in  countcractiug 
efit'ct  of  the  cold  air  which  is  taken  into  the  lu^g%^ 
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another  portian  in  proilncing  the  vapour  that  is  ex- 
pired, while  the  remainder  supplies  the  arterial  blood 
with  what  is  requisite^  in  coosequence  of  its  encreased 
capacity,  to  support  its  temperature  at  the  same 
degree  with  that  of  the  venous  blood. 

It  would  appear  that  these  operations  are  so  nicely 
adjusted  to  each  other,  that  the  temperature  of  the 
blood  in  the  different  parts  of  the  body  is  kept  nearly 
at  a  uniform  standard,  and  especially,  that  while  this 
fluid  passes  tlu-ongh  the  lungs,  and  in  ec^njunction 
with  the  air,  undergoes  that  change  which  serves  as 
the  actual  origin  of  the  heat  of  the  animal,  its  tem- 
perature is  little,  if  at  all  affected,  tlie  heat  which 
would  otherwise  be  liberated  being  the  whole  of  it 
employed  in  the  three  ways  mentioned  above.  We 
have  here  a  remarkable  example  of  that  nice  adaptation 
of  the  different  operations  of  the  liviDg  body  to  each 
other,  which  forms  so  distinguishing  a  feature  of  the 
animal  oeconomy,  and  in  which  it  so  infinitely  sur- 
pIMses  any  contrivances  of  a  merely  mechanical  or 
physkal  nature.  Admitting  the  truth  of  the  theory 
it  will  follow,  that  the  more  carbon  is  separated  from 
the  blood  and  united  to  oxygen,  the  more  heat  will 
be  disengaged,  the  more  completely  therefore  will  the 
blood  be  arteriaUzed,  and  consequently  the  more  will 
its  capacity  be  encreased,  and  the  greater  quantity  of 
heat  will  it  require  to  maintain  its  temperature. 
According  to  Crawford's  doctrine  the  blood  is  not 
warmed  in  passing  through  the  lungs,  although  this 
is  the  organ  in  which  it  acquires  its  heat,  but  it  is  in 
the  capillary  part  of  the  sytitemic  circulation,  when 
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the  blood  again  becomes  venalized*  that  the  heat  is 
liberated.  This  effect  therefore  takes  place  in  tliat 
part  of  the  body  where  it  is  the  most  necessary  to 
counteract  the  effect  of  the  surrounding  medium, 
which  is,  in  most  cases,  colder  than  the  body  i 
and  where  by  its  diffusion  over  a  great  extent 
surface,  it  must  tend  to  make  the  heat  nearly  unifor 
through  the  whole  of  the  system. 

After  the  publication  of  Crawford's  theory,  La¥< 
sier,  in  a  subsequent  memoir,  recurred  to  the  subject 
of  animal  heat.     He  still  maintained  his  former  o 
nioOj  that  it  is  derived  from  the  union  of  carbon  am 
oxygen  in  the  lungs,  and  that  respiration  is,  in  every, 
respect,  analogous  to  the  process  of  combustion, 
assumes  that  all  parts  of  the  boily  are  preserved 
the  same  temperature,  and  with  respect  to  the  maimer 
in  which  the  heat  is  equalized,  he  observes  that 
depends  upon  the  three  following  causes ;  1.  U 
tlic  rapidity  of  the  circulation  of  the  blood,  by  wliii 
the  heat  that  is  acquired  in  the  lungs  is  quidc 
transmitted  to  all  parts  of  the  body ;  2.  Upou  tb 
evaporation    which   takes   place   from   these  or] 
which  carries  off  a  part  of  their  heat ;  and  3,  Fi 
the  encreased  capacity  for  heat,  which  blood  acqiii 
when  it  is  converted  from  the  venous  to  the  arterij 
fetate.     It  wiU  be  observed  that  this  view  of  the  sub- 
ject)  90  far  as  animal  temperature  alone  is  concer 
iiiitiiBtly  conformable  to  the  doctiine  of  Crawford 
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^  Mem.  Acad*  Scien,  pour  17S0,  p.  406*    We  may 
Iiowever,  tliat  Lflvoisler,  in  one  of  UtJ*  &ub6cquent  papers, 
of  tlic  combustion  as  taking  place  in  the  lung»^  although  bcadd^ 
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kvoisicr,  however,  as  is  too  frequently  the  case,  does 
It  introduce  the  name  of  Crawford,  or  even  allude 
►  his  experiments  on  the  different  capacities  of 
rterial  and  venous  blootl,  and  the  same  silence  is 
iserved  on  this  point,  when,  in  another  part  of  this 
iper,  he  compares  his  own  hypothesis  with  that  of 
rawford  respecting  the  heat  generated  by  combus- 
on,  and  notices  the  experiments  on  the  different 
ipacities  of  oxygen  and  carbonic  acid,*  Lavoisier 
Jems  to  have  maintained  the  same  opinion  respect- 
ig  animal  heat  in  his  future  researches  ;  he  always 
leaks  of  it  as  a  case  of  combustion,  and  supposes  that 
le  heat  is  generated  npon  the  same  principle,  as  in 
le  formation  of  carbonic  acid  by  the  more  rapid 
nion  of  oxygen  and  carbon. 

Although  Crawford's  tlicory  so  admirably  accounted 
>r  all  the  phenomena^  and  appeared  to  be  so  strictly 
educed  from  facts  and  experiments,  yet  the  extreme 
elicacy  of  the  operations  on  whicli  it  rested,  as  well 
J  the  interest  excited  by  its  great  importance,  led  to 
rigid  examination  of  all  its  fundamental  positions ; 
le  consequence  of  which  was  that  they  have  all  of 
lem  been  controverted,  and  we  have  an  account  of  a 
msiber  of  experiments,  the  results  of  which  arc  re- 
orted  as  being  directly  opposite  to  those  of  Crawford, 
r  at  least,  as  not  warranting  his  conclusions.  The 
lain  points  on  which  the  theory  is  supported  arc  tlie 
)llowing;  that  heat  is  extricated  when  oxygen  is 

and  perhaps  la  other  parts  of  the  system;''  Mem*  Acad,  Scieu, 
our  1790,  p.  (301. 
4  Mem.  Acad,  Scien*  pour  1780^  p.  39#. 
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converted  into  carbonic  acid,  in  consequence  of  the 
diminished  capacity  of  the  latter,  that  the  capacity 
erf  arterial  is  greater  than  of  venous  blood*  «nd  tliat 
the  blood  in  the  two  sides  of  the  heart,  and  in  the 
large  trunks  of  the  pidnionic  system  possesses  the 
same  temperature.  With  respect  to  the  first  of  these 
|K)ints,  the  different  capacities  of  oxygen  and  car- 
b<Hiic  acid,  it  must  be  considered  as  a  question  whidi 
affects  the  theory  of  combustion  generally,  and  in 
which  the  cause  of  animal  temperature  is  not  parti- 
cularly concenied.  Wbeu  carbon  is  united  to  0x3  j 
so  as  to  produce  carbonic  acid,  we  find  that  heat  i 
liberated,  and  this  takes  place  not  merely  in  tl 
rapid  union  of  the  bodies,  which  may  be  considere 
essential  to  a  proper  combustion,  but  in  the  slo 
combination  of  them,  such  as  occurs  in  fermentatio 
putrefaction,  and  gennination.^  In  whatever 
therefore  we  account  for  the  Hberation  of  heat 
these  processes,  we  may  employ  the  same  method 
explain  the  heat  generated  by  respiration.  We  mi 
even  go  fartlier,  and  say,  that  as  beat  is  alwa] 
liberated  when  this  union  of  oxygen  and  carbon  tak< 
place,  the  same  efffects  must  necessarily  follow 
the  production  of  carbonic  acid  in  respiration, 
difficulty  therefore  is  not  to  account  for  the 
proiUiced  by  respiration,  but  to  remove  the  objc 
which  was  originally  urged  against  Black^s  hypot 
that  the  tcmiierature  of  the  blood  in  the  lungs  on 

i  In  the  mailing  of  barky,  wbich  i«  a  case  of  germinal; 
we  are  informed  by  Dr*  Tliomson,  tliat  the  temperature  ol 
grain  U  raised  aa  much  ■$  10^  i  Chem.  v«  iv.  p.  574* 
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to  be  greater  than  that  in  the  other  parts  of  the 
b<Mly.  It  is  in  fact  with  the  other  two  points  only, 
the  comparative  temperatnrc  of  the  blood  in  the 
trunks  of  the  pulmonic  vessels  or  in  the  two  sides  of 
the  heart,  and  the  different  capacity  of  arterial  and 
venous  blood,  that  the  theory  of  animal  heat  is  con- 
cerned, but  on  both  of  these  experiments  have  l>een 
adduced  which  arc  in  direct  op^wsition  to  the  doc- 
trine of  Crawford, 

It  seems  not  a  little  remarkable  that  there  should 
have  been  any  difficulty  in  ascertaioing  the  first  of 
these  points,  which  we  might  Iiave  supposed  would 
have  been  settled  by  a  few  simple  and  easy  observa- 
tions* This,  however,  appears  not  to  be  tlic  case, 
and  it  still  rcmaius  undecided,  although  the  weight 
of  authority  inclines  to  the  opinion,  that  arterial izcil 
blood,  at  least  in  the  heart  and  great  tnmks,  is  a 
degree  or  two  warmer  than  tlie  venous,  so  that  upon 
the  whole  it  appears  probable  that  the  blood  docs  not 
poisefis  that  unilbrmity  of  temperature  which  has 
been  generally  assigned  to  it,  but  that  it  differs  a 
little,  not  only  in  different  individuals  of  the  same 
species,  but  also  in  the  different  internal  organs  of  the 
Karac  individuals/'     The  latest  experiments   which 

^  In  estimatfrjg  the  terapcrature  of  the  blood  in  the  internal 
parts  of  the  body  generally,  it  was  formerly  stated  that  when 
ihey  are  so  far  below  the  surface,  as  to  be  beyond  the  reach  of 
iKe  Influence  of  the  atmosphere,  the  heat  is  uniform ;  yet  the 
remark  must  be  taken  with  limitations  of  which  most  of  tl>e 
modern  physiologists  appear  to  be  well  aware.  Boerhaave 
observes  that  the  arterial  blood  is  warmer  than  the  venous,  al- 
diough  it  IB  exposed  to  the  cold  air  which  is  taken  in  by  the 
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have  been  made  on  the  comparative  capacity  of  arte- 
rial and  venous  blood  are  likewise  unfavourable  to 
the  theory  of  Crawford,  for  althougli  we  are  led  to 
conclude  from  them,  especially  from  those  of  I)i^ 
Davy,  that  the  specific  Ircat  of  arterial  is  great 
than  that  of  venous  blood,  the  excess  appears  to 
so  small  as  to  be  scarcely  sufficient  to  accoiuit  for  tl 
effects  which  are  attributed  to  it.^ 

lungs,  Praelect.  not.  ad.  §  202.    The  general  fact  of  ihe  (lifTerca 
intenial  parts  of  the  body   possessing  different  temperatures, 
acfcotding  to  their  vicinity  to  the  heart,  was  established  byii 
Hunter,  although  there  nmy  be  some  reason  to  doubt  whetli 
his  experiments  were,  in  all  cases,  perfectly  accurate  ;  Obs 
tions  on  the  Antraal  CEconomy,  p*  107>  et  seq*     We  have  i 
various  observations  to  the  same  effect  made  by  Sir  A.  Carlisle  J 
Phil,  Trans,  for  1805,  p.  15,  ^.     Many  eminent  physiok 
who  have  examined  the  temperature  of  the  btood»  fiince  i 
attCDtion  was  particularly  directed  to  the  point  by  Crairford*!! 
theory,  have  found  the  left  side  of  the  heart  to  be  warmer  thaAl 
the  right*     Menzies  informs  us  that  this  is  the  fact ;  EssajJ 
BBy  62 ;  Plenk  says  tlie  arterial  blood  is  warmer  than  thC 
ttus;  Hydrol.  p,  33;  Dr.  Davy  found  the  arterial  blood  1 
warmer  than  the  venous,  and  he  observes  that  the  parts  of  ^ 
i  Jbody  are  less  warm  as  they  recede  from  the  heart ;  Phil.  Trsp 
for  1SM-,  \y,59't..O;  Magcndie  says  that  the  blood  is  wa 
I  about  P   (cent*)  in  passing  tlirough  th.e  lungs ;  PhysIoK  L  i 
p.  S97;  and  the  same  estimate  of  the  different  leaiperatufcs  < 
arterial   and  venous  blood  is  made  by  Thenard  ;  Chim.  t  iii*i 
;p*  C71.    Mr.  Coleman,  on  the  other  hand,  states  the  tempers 
ture  of  the  two  sides  of  the  heart  externally  to  be  llie  si^iejr 
but  tliat  the  blood  in  the  right  ventricle  is  1°  or  2°  warmer] 
L  than  in  the  left  ;  he  Informs  us,  however,  that  the  blood  in  tlui 
iieft  ventricle  cooled  more  slowly,  thus  indicating  that  it  con* 
[iaincd  more  latent  heat;  On  Suspended  Resp.  p.  31,  2  j  35,  6. 
7  Hie  results  of  Dr.  Davy  are  not  uniform,  and  although  wn 
have  every  reason  to  place  full  cou£de0ce  in  his  statememii  it 
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These  experiments  are,  however,  to  Ije  eonsittered 
principally  as  relating  to  the  theory  of  Crawford »  so 
far  as  it  depends  upon  the  doctrine  of  the  different 
capacities  ©f  arterial  and  venons  blood.  The  opinion 
that  animal  heat  results  from  the  union  of  oxygen 
and  carbon,  as  originally  advanced  by  Black,  and  as 
subsequently  illustrated  by  Lavoisier,  although  it 
may  be  obnoxious  to  the  objection  which  has  been 
already  stated,  is  unaflFected  by  the  attempts  that 
have  been  made  to  disprove  the  results  of  Crawford's 
experiments.  AVe  sliould  still  conceive  that  the  heat 
must  he  produced  by  the  formation  of  carbonic  acid, 
although  we  might  be  unable  to  explain  the  exact 
mode  in  which  it  is  set  at  liberty,  or  the  precise  point 
in  the  circulation  where  it  assumes  the  form  of  sen- 
sible heat*  We  accordingly  find  that  the  chemical 
theory,  or  that  which  supposes  respiration  to  be  a 

must  be  allowed  that  the  experiments  require  to  be  more  fre- 
quently repeated  and  varied,  before  we  can  draw  any  decisive 
conclusion  from  them ;  tliey,  however,  in  three  cases  out  of 
four,  indicated  a  greater  capacity  in  arterial  tlian  in  venous 
blood;  in  those  experiments  in  which  he  himself  placed  the 
most  confidence,  the  relative  uumhers  are  913  and  903  ;  Phil. 
Trans,  for  1 81 4-,  p.  59 K  .5.  The  inference  that  may  be  drawn 
from  Mr,  Coleman^s  experiments  ia  in  favour  of  the  greater 
capacity  of  arterial  blood  ;  On  Suspended  Kespir.  ut  supra. 
M.  Magendie,  in  making  a  comparison  between  the  properties 
of  arterial  and  venous  blood,  has  referred  to  the  experiments  of 
Dr.  Davy  on  their  respective  capacities;  Physiol,  t.  ti.  p*  288; 
but  it  18  remarkable  that  he  has  quoted  that  only  in  whicb  the 
capacity  of  the  venous  was  greater  than  that  of  the  arterial,  and 
whicb  Dn  Davy  considers  as  less  to  be  depended  upon  than  the 
other  three ;  Phil  Trans,  for  18H,  p.  595. 
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procei^s  mor^  or  less  analogous  to  combustioDt  gttie 
rally  prevailed,  until  the  doctrine  was  attacked  in  itij 
eflsential  point  by  a  series  of  experiments  that  wen 
performed  by  Jlr.  Brodie/  >i 

Mr,  Brodie  took  advantage  of  the  proceiss  whiclll 
was  described  in  the  last  chapter  for  restoring  tl 
action  of  the  heait,  after  decapitation  or  the  removilj 
of  the  brain,  by  artificially  inflating  the  lung& 
this  means  we  are  able  to  produce  the  usual  chi 
in  the  appearance  of  the  blood  from  the  venous 
the  arterial  state,  when  we  find  that  oxygen  is 
sumed  and  carbonic  acid  disengagetl,  as  in  naturi 
respiration.     The  chemical  action  of  the  lungs  bein 
thus  maintained,  as  in  the  state  of  healthy  it  bccan 
a  curious  subject  of  inquiry,  whether  heat  was 
evolved,  and  the  temperature  of  the  animal  supporte^l 
in  the  same  manner  as  during  the  pafect  state " 
the  functions.     Upon   making  the  experiment  tliit" 
appeared  not  to  be  the  case,  for  it  was  found  thit 
when,  by  any  means,  the  influence  of  the  brain  wi 
effectually  cut  off  from  the  heart  and  blood  vc 
although  by  means  of  artificial  respiration  the 


^  There  ore  various  remarks  in  Hunter's  ^mqj  oa 
Heaif  which  op})ear  inconsistent  with  the  chemical  hypotL 
See   Obscrv.  on  the  Anim,  (Econ,  p,  103,  el  alibi ;  but  1 
who  are  conversant  with  the  writings  of  tins  physiologist  I 
be  aware,  that  we  are  not  to  deduce  his  doctriiiiffi  fhm  | 
cttlar  expressions,  but  from  the  general  scope  and  tenor  rf  1 
arguments.    He^  however^  very  explicitly  states  that  tlie  ] 
of  producing  animal  heat  does  not  *'  depend  upoD  the  di 
system;  for  it  in  found  in  animals  that  have  oo  brain  or  oertiiri 
p.  103,  i. 
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tfaetion  of  the  heart  and  the  passage  of  the  blood 
through  the  lungs  is  maintained,  so  that  it  apparently 
undei^es  its  change  from  the  venous  to  the  arterial 
gtatOf  yet  the  generation  of  animal  heat  secnii^  to  be 
tospended,  and  consequently,  if  the  air  which  is  in- 
spired be  colder  than  tlie  body,  the  effect  of  rcspira* 
tion  is  to  cool  the  animal/^  Mr.  Brodie's  experiments 
were  so  simple  and  appeared  so  decisive  in  their 
results,  that  the  conclusion  from  them  was  thought  to 
be  irresistible,  and  notwithstanding  the  mass  of  evi- 
dence that  bad  been  accumulated  in  favour  of  the 
chemical  theory  of  respiration,  aud  the  numerous 
alignments  and  analogies  that  liad  been  adducetl  in 
its  favour,  the  opinion  of  many  of  the  most  intel- 
ligent physiologists  was^  that  respiration^  as  far  as 
respects  the  production  of  carbonic  acid,  is  not  the 
cause  of  animal  heat,  and  is  only  remotely  connected 
with  it,  that  the  lungs  have  no  immediate  or  dii*ect 
concern  in  the  operation,  but  that  it  depends  upon 
the  nervous  influence.' 


^  Phil.  Trails,  for  1 8 1 1 ,  p,  87. .  48  ;  also  PhiL  Trans,  for  1812, 
p,  378.  Mr.  Brodte  found  in  bis  second  set  of  experiments, 
that  when  the  sensibility  of  an  animal  is  destroyed  by  a  narcotic 
poise n>  and  the  lungs  artificiatly  inBatcd,  the  power  of  gene- 
rating heat  is  destroyed  as  effectually  as  by  decapitation^  whilo 
the  power  is  restored  in  exact  proportion  to  the  return  of  the 
fte»<tbiUty»  when  the  induencc  of  the  poison  ceased  to  act  upon 
the  system. 

»  Mr-  Brande  nne(|ui vocally  gives  it  as  his  opinion,  that  th« 
researcheg  of  Mr,  Brodie  have  produced  the  '*  complete  subver- 
«]0ti>*  of  the  chemical  doctrine  of  animal  heat ;  Manual,  v,  Hi* 
p,  226.  Dr.  YmHig  saye,  that  (^animal  heat  depends  jointly  on 
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But  notwitlistandiiig  the  value  of  Mr,  Broclie's 
experiments,  there  are  two  circumstances  which 
seem  to  have  been  overlooked  or  disregarded  by  him, 
and  which  it  will  be  necessary  to  examine,  before 
can  draw  the  couclusiou  which,  at  first  view,  appea 
so  naturally  to  flow  from  them.  In  the  first  p 
we  must  inquire  into  the  degree  of  cooling  effect  whi 
is  caused  by  the  inflation  of  the  cold  air  into 
lungs,  and  compare  this  with  the  opposite  effect 
which  might  be  produced  by  the  generation  of  ti 
caihoiiic  acid.  In  the  natural  or  entire  state  of  tb 
animal,  the  respiration  is  regulated  partly  by  t 
influence  of  volition,  and  partly  of  instinct, 
quantity  of  air  inspired  being  just  sufficient  to 


cifculalioa  and  nervous  energy,  but  probably  little  on  r^pir 
tloii»''  and  in  the  list  of  authors  that  he  subjoins,  he  dcii| 
Mr,  Brodie*s  paper  in  the  PhiU  Trans,  as  the  mo»t  imp 
treatise  on  the  subject;  Med.  Lit.  p.  108*  His  opinion*  howeTcr- 
upon  this  point  seems  to  be  somewhat  vacillating,  as  in  a  suhie-j 
quent  passage,  p-  503,  he  supposes  that  the  chief  use  of  the  l 
particles  o^  the  blood,  aud  •*  of  the  process  which  is  carried  < 
iu  tlie  lungs,  is  to  preserve  the  temperature  of  the  body/* 
remarks,  tliat  the  *'  process  may  be  explained  according  to  tin 
ijigeuious   and  iniportaut  theory  of  Dr.  Crauford;'*  but  addi|J 
**  ttiat  the  nervous  system  appears  to  have  an  influence  over  lliM 
processi  without  which  it  cannot  be  carried  on/"  p.  50^,  5.    D« 
Thomsoii  also  conceives  thtit  Mr.  Brodie's  experiments  hav 
entirely  destroyed  the  foundation  of  Dr.  Crawford's  tli«oiy| 
Chem.  V.  iv.  p.  G3'i.  Mr.  Earle,  who  has  brought  forwards  i 
very  interesting  pathological  facts  in  support  of  tlte  caQOCxio 
between  the  nervous  action  and  the  evolution  of  animal 
seems  to  consider  the  chemical  Uieory  as  overthrown  by  \ 
Drodie's  experiments;  Med.  Chir,  Tr.  v.  vii.  p,  17S^  el  acq. 
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swer  t!ic  demands  of  the  s)'stem ;  bnt  in  the  expe- 
riment which  has  been  related,  the  air  is  forcibly 
sent  into  the  puhiionary  vesicles,  without  any  co- 
operation from  the  animal,  and,  of  course,  indepen- 
dently of  the  correspondence  between  the  different 
funotions  which  are  connected  with  the  action  of  the 
lungs.'  Now,  as  we  have  already  observed,  respi- 
ration may  he  considered  as  a  compound  process,  one 
essential  eflFect  of  which  is  to  abstract  heat  from  the 
body  ;  the  question  therefore  to  examine  is,  whether 
the  heating  or  coohng  effect  of  respiration  will  pre- 
ponderate, under  the  circumstances  in  which  the 
animal  was  placed  in  these  experiments*  The  second 
point  in  which  Mr,  Brodic's  conclusion  is  premature, 
respects  the  part  of  the  circulation  in  which  the  heat 
is  extricated.  If  according  to  the  theory  of  Craw- 
ford, it  is  uot  in  the  lungs,  but  in  the  capillaiy 
vessels,  that  this  operation  is  carried  on,  we  shoidd 
scarcely  expect  to  find  the  temperature  of  the  animal 
supported  by  the  artificial  inflation,  because  the 
immediate  effect  in  this  case  is  to  render  heat  latent, 
which  is  necessarily  a  cooling  process,  while  it  is  by 
no  means  surprising  that  the  disengagement  of  the 
latent  heat,  which  takes  place  in  the  natural  situa- 
tion of  the  animal,  should  have  been  entirely  pre- 
vented, or  very  much  diminished,  where  the  functions 
of  the  system  generally,  and  those  of  secretion  and 
assimilation  in  particular,  were  so  much  deranged, 
or   even  entirely  suspended.     Perhaps,  therefore,  it 

^  See  the  judicious  observations  of  Dr*  Phtlip ;  Ijiqoiiy,  p.  205* 
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may  not  be  going  too  far  to  assert,  that  in  tht 
in  question,  where  a  quantity  of  cold  air  is  forcibly 
propelled  into  the  lungs,  and  a  portion  of  heat  neee^ 
sarily  rendered  latent,  by  the  conversion  of  venom 
into  arterial  blood,  and  where  we  may  also  prenoM 
that  the  air  wliich  is  discharged  from  the  lirngs, 
would  carry  off  a  quantity  of  aqueous  vapour,  and  in 
this  way  produce  a  farther  abstraction  of  heat,  whihiH 
on  the  other  hand,  it  is  not  improhable,  that  the 
various  processes  by  which  the  blood  is  venalized 
the  natural  state  of  the  system,  must  be  impeded  ^ 
deranged,  the  result  which  we  ought  to  expect  wc 
be  the  cooling  of  the  blood,  as  Mr.  Brodie  found  if 
to  be  in  his  experiments. 

These  theoretical  considerations  might  have 
duced  us  to  pause  before  we  admitted  the  conclusion 
tliat  the  chemical  change  of  the  air  in  the  lungB  i 
not  the  source  of  animal  heat ;  but  we  have  two 
of  experiments,  one  by  Dr.  Pliilip,  and  a  second 
Legallois,  which  directly  oppose  those  of  Mr.  Br 
by  showing,  that  if  the  attending  circumstancee  i 
duly  considered^  we  can  clearly  trace  a  csomiexk 
between  the  diminution  in  the  quantity  of  oxj 
consumed  and  the  deficiency  in  the  evolution  of  1 
when  we  employ  the  process  of  artificial  inl 
]>r.  Philip  conceived  that  the  cause  why  the 
rature  of  the  body  diminished  more  rapidly 
this  operation  was  employed,  than  where  the 
,  waa  left   undisturbed,   depended  upon  too   laife 
quantity  of  air  having  been  propelled  into  the  lui 
and  he  accordingly  fomid  that  when  a  less  quutitjr^ 
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n(  air  was  used,  the  cooling  process  was  sensibly  re^ 
tarded  by  the  iuflation,  so  as  diroctly  to  obviate 
Mi.  Brodie*s  objections,  and  to  exemplify  the  ix)wer 
rf  the  lungs  in  generating  heat.^  That  this  power  is 
not  directly  dependent  upon  the  nervous  system 
appears  also  to  be  proved,  by  an  experiment  in  which 
the  rate  of  cooling  in  a  dead  animal,  where  the  brain 
^d  nervous  system  bad  been  removed,  was  compared 
with  one  which  was  left  in  its  entire  state,  in  whidi 
iMie,  aiid  also  when  the  artilicial  respiration  was 
employed,  no  difference  could  be  observetl  in  the 
temperature  of  the  animals.* 

A  very  elaborate  and  ingenious  train  of  experi'- 
ments  was  performed  upon  the  same  subject  by 
Legallois,  the  results  of  whicli  were  decidedly  favour- 
able to  the  chemical  theory,  and  fimdamen tally  coin- 
cided with  those  of  Dr.  Philip.     The  experiments 

i  Inquiry,  c  10.  p.  197,  et  seq.  The  precise  eubiccts  cf 
inquiry  which  Dr.  Fhihp  projiosed  lo  these  experiments  were  ^ 
I.  Whether  the  nervous  poiver  Is  cnpable  of  evolving  heat  from 
the  blood,  after  the  .sensorial  power  has  been  destroyecJ ;  and 
3,  Whether  under  theie  circumstances,  more  heat  is  evolved  by 
artificially  supprting  the  circulatjoa,  than  by  leaving  the  animal 
undisturbed.  The  animals  employed  in  the  experiments  were 
rabbits,  and  tliey  were  killed  by  a  blow  on  the  occiput ;  a  com- 
parlson  was  made  both  between  the  effect  of  hj^ating  the  Ittngs 
with  more  or  less  rapidifj/^  and  iji/fatmg  the  lungs  and  leaving  the 
amxaal  undislurbed^  see  ex.  64j  5$  6.  Wo  aro  informed  that  in 
one  experiment  the  temperature  was  actually  raised  by  nearly 
l^;p,199,  0.  Dr.  Hastings  performed  similar  experiments 
with  the  same  results,  p.  200,     See  also  Qciart.  Journ.  v.  xiv. 

4  Inquiry,  p  101,2,  Ex.  67,  8,  a 
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consisted  in  observing  the  rate  of  cooling  in  animal? 
under  different  circumstances,  and  in  comparing  the 
effect  of  the  inflation  of  the  lungs  upon  perfect  and 
upon  mutilated  animals,  and  also  in  noticing  the 
degree  in  which  animal  temperature  is  influenced  by 
various  impediments  to  the  respiration  or  to  the 
action  of  the  other  functions.^  He  deduced  the  foU 
lowing  important  conclusions  from  lus  experimentfi* 
1.  That  the  animals  upon  which  artificial  respiration 
iias  been  employed,  although  they  suffered  a  reduc* 
tion  of  temperature,  yet  it  was  less  by  from  I"^  to  ii"* 
(cent.)  than  in  simply  dead  animals ;  2,  That  iu 
cooling  through  a  certain  number  of  degrees,  they 
parted  with  more  heat  than  simply  dead  animals ; 
3.  Thai  inflation  of  the  lungs  of  perfect  and  healtliy 
animals  lowers  their  temperature,  and  that  if  the 
operation  be  continued  for  a  suliicient  length  of  time, 
they  may  even  be  destroyed  by  cokl;  and  4,  That  die 
same  effect  may  be  produced  by  any  circumstance 
which  constrains  or  impedes  the  respiration.  One 
important  point  still  remained  to  be  decided ;  when 
the  cooling  process  is  going  forwards  by  any  coiw 
straint  or  impediment  to  the  respiration,  is  the  con- 
sumption of  oxygen  proportionably  diminished  ? 
Many  causes  conspire  to  render  the  investigation  one 

i  Ann.  de  Chlm.  et  Phys.  t.  in  p.  5»  1 13.  In  Lcgalloit' 
work  *'  Sur  la  Yic/'  lie  gives  an  account  of  the  eifect  of  arti* 
ficial  respiration^  which  he  iound  to  have  the  power  of  rodacing 
the  temperature,  according  to  the  observation  of  ^Ir.  Brodic, 
although,  a<:  he  conceived,  not  in  so  great  a  degree  ;  Avtnt- 
propoB,  p.  XX  ;  abo  note  in  p.  211 1  2* 
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of  considerable  intricacy,  but  by  a  series  of  well  con- 
ceived experiments,  which  were  varied  and  modified 
in  such  a  manner  as  to  meet  the  difficulties  which 
guccessively  presented  themselves,  the  general  con- 
clusion seems  to  be  well  established,  that  the  evolu- 
tion of  heat  always  bears  a  relation  to  the  con- 
sumption of  oxygen,  and  that  the  variations  arc  not 
greater  than  might  be  naturally  expected,  from  the 
complicated  nature  of  the  operations  which  are  always 
going  forwards  in  the  animal  oeconomy* 

As  Legallois'  experiments  are  many  of  them  novel 
and  ingenious,  and  lead  to  many  curious  results,  it 
may  be  proper  to  give  a  brief  account  of  some  of  the 
most  important  of  them.  After  establishing  the  four 
positions  that  are  mentioned  above,  he  informs  us 
that  laying  an  animal  on  its  back  lowers  its  tempera- 
ture, and  he  examined  whether  in  this  case  the  con- 
sumption of  oxygen  was  diminished-  The  experiment 
was  performed  on  rabbits  and  cats.  For  tlic  purpose 
of  comparison  he  first  operated  upon  the  animal  while 
it  was  at  liberty,  and  afterwards  when  confined  on  its 
back ;  the  results  are  not  quite  uniform^  but,  for  the 
most  part,  there  was  considerably  more  oxygen  con- 
sumed when  the  animals  were  at  liberty.  Upon  re- 
peating the  experiment,  with  certain  variations,  it 
appeared  that  when  the  respiration  was  in  any  way 
constrained,  by  the  animal  being  tied  on  its  back,  or 
by  there  being  a  deficiency  of  air,  less  oxygen  is  con- 
sumed. It  was  tbnnd,  however,  that  in  certain  cases, 
the  cooling  was  more  rapid  than  ordinary,  even  when 
more  oxygen  is  consumed,  owing,  as  the  author  con- 

VOL.  IK  T 
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jecturee,  to  the  stmggles  which  are  made,  carrying 
off  a  portion  of  the  heat.  In  order,  therefore,  ta 
render  the  experiment  still  more  decisive,  he  rendered 
the  respiration  so  difficult,  that  no  voluntary  effort  of 
the  animal  could  enable  it  to  consume  the  usual 
quantity  of  oxygen  ;  this  was  accomplished  either  by 
placing  it  in  air  that  was  much  rarefied,  or  by  mixing 
with  it  a  large  proportion  of  nitrogen,*^  The  experi- 
ment was  then  performed  in  this  way  upon  dogs, 
cats,  rabbits,  and  guinea-pigs,  when  the  greatest 
cooling  effect  was  always  found  to  correspond  with 
the  least  consumption  of  oxygen.  We  are  infcwmed 
that  the  quantity  of  carbonic  acid  formed  is  always 
less  than  that  of  the  oxygen  which  disappears.  AVhen 
a  quantity  of  carbonic  acid  is  mixed  mth  the  air,  this 
iB  in  part  removed,  so  as  to  prove  that  carbonic  acid 
is  absorbed  by  the  lungs.  The  author's  final  decision 
is,  that  the  nervous  system  affects  the  temperature, 
but  that  it  is  by  an  indirect  operation •  so  far  bb  it 
contributes  to  bring  the  air  into  contact  with  the  blood. 
We  may  therefore  conclude  upon  the  whole,  that 
although  there  are  many  difficulties  which  attach  to 
particular  parts  of  the  subject,  the  source  of  animil 
heat  is  in  the  action  of  the  air  upon  the  blootl,  and 
that  it  lUtimately  depends  upon  the  abstraction  rf 
carbon  from  tliis  fluid,  and  the  conversion  of  ox^^gtn 
into  carbonic  acid. 

As  to  tlie  question,  why  the  union  of  oxygen  anj 
carbon  produces  heat,  I  have  already  remarked^  thit 


''  Ann.  Chim.  cl  Pliy»,  l.  iv.  p.  21  •  et  89q* 
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it  is  one  Tvhich  belongs  rather  to  chemistry  than  to 
physiology ;  it  is  sufficient  for  our  purpose  to  state, 
that  no  greater  difficulty  occurs  in  one  case  than  in 
the  other.  With  respect  to  the  second  position  of 
the  theory,  the  mode  in  which  the  heat  is  distributed 
through  the  various  parts  of  the  body,  it  is  admitted, 
that  we  are  still  unable  to  form  a  decisive  conclusion* 
After  attentively  perusing  the  experiments  of  Craw- 
ford, and  comparing  them  with  those  that  have  been 
performed  with  a  contrary  result,  I  confess  that  the 
balance  of  evidence  appears  to  nie  to  be  greatly  in 
favour  of  the  former,  but  I  acknowledge,  that  they 
are  of  so  delicate  a  nature,  as  not  to  be  entitled  to 
implicit  confidence,  and  that  it  would  be  extremely 
desirable  to  have  them  carefully  repeated. 

If  we  consider  the  subject  upon  general  grounds, 
we  shall  find  that  there  are  many  circumstance!; 
which  affi^rd  a  strong  presumption  in  favour  of  the 
chemical  doctrine,  by  tending  to  establish  an  in- 
timate connexion  between  the  functions  of  respira- 
tion and  calorification*  In  the  first  place,  all  animals 
that  have  a  temperature,  much  superior  to  that  of 
the  medium  in  which  they  are  immersed,  have  their 
lungs  constructed  in  the  most  elaborate  manner. 
What  are  styled  the  warm-blooded  animals,  have  the 
organs  of  a  large  size,  and  so  fonned  as  to  permit  the 
air  and  the  blood  to  come  into  the  most  extensive 
proximity,  and  thus  to  exercise  the  most  powerful 
influence  upon  each  other.  In  the  amphibia,  the 
lungs  arc  furnished  with  fewer  vessels  and  with 
larger  air-cells,  at  the  same  time  that  only  a  part  of 
I  t2 
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the  blood  passes  through  them  at  each  circulati 
and  their  temperature  is  consequently  found  to  be 
proportionally  low.  In  fishes,  the  quantity  of  blood 
which  passes  through  the  gills  to  receive  the  action 
of  the  air,  and  the  chemical  effect  produced  upon  it, 
is  still  smaller,  and  it  is  found  that  the  temperature 
of  this  class  of  animals  differs  hut  a  degree  or  tivo 
from  that  of  the  water  in  which  they  are  immersed. 
It  appears,  in  short,  that  if  we  compare  the  different 
classes  of  animals  with  each  other,  we,  in  aU 
perceive  a  strict  relation  between  their  temperati 
and  the  quantity  of  oxygen  which  they  consume 
is  farther  observed,  that  in  the  same  class  of  ani 
or  even  in  the  same  individual,  whatever  quickens 
impedes  the  passage  of  the  blood  through  the  lun 
or  whatever  promotes  or  retards  the  action  of  the  air 
upon  the  blood,  in  the  same  proportion  increases  or 
diminishes  the  temperature  of  the  animal,  so  ta 
afford  a  strong  argument  in  favour  of  the  opinion^ 
that  these  operations  bear  to  each  other  the  relation 
of  cause  and  effect. 

I  shall  enumerate  a  few  circumstances,  principally 
taken  frouT  Dr.  Edwards,  w  hich,  although  of  rather  i 
miscellaneous  nature,  may  be  properly  classed  h^ 
ther,  as  they  all  hear  indirectly  upon  the  question  of 
the  connexion  between  animal  temperature  and  tbf 
consumption  of  oxygen  by  the  lungs.  The  pheno- 
mena of  hybernation,  as  they  were  related  in  the  last 
chapter,  p- 197,  confimi  this  connexion,  as  we  find  in 
all  cases,  that  exactly  in  proportion  to  the  diminution 
of  the  chemical  effect  upon  the  air,  so  is  the  decrease 
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of  animal  heat ;  a  fact  wliich  is  abundantly  proved  by 
the  references  that  were  made  to  Hunter,  Spallaozani, 
Carlislcj  and  others.  These  authors  all  agree,  that 
the  temperature  of  the  external  parts  of  the  body  is 
nearly  reduced  to  that  of  the  surrounding  medium, 
while  the  internal  parts,  as  weU  as  the  blood  and  the 
vital  organs,  are  not  more  than  1^  or  2"^  higher.  But 
we  have  an  experiment  of  De  Saissy's,  related  by 
Dr.  Edwards,  which  is  peculiarly  illustrative  of  this 
point,  for  he  found  that  he  was  unable  to  bring  an 
hybernating  animal  into  the  toqiid  state,  by  the  reduc- 
tion of  temperature  alone,  without  also  constraining 
the  respiration.^  Dr.  Edwards  informs  us,  that  such 
of  the  mammaHa  as  are  bom  with  the  ductus  arteriosus 
large  and  open,  have  less  power  of  producing  heat, 
but  that  in  proportion  as  the  duct  closes,  their  power 
of  generating  heat  is  increased  ;  and  that  when  in- 
dividuals of  the  same  species  have  the  ducts  more 
closed  than  usual,  their  temperature  is  more  station- 
ary.* He  found  by  experiment,  that  after  making 
due  allowance  for  their  bulk,  young  animals  consume 
less  oxygen  than  adults,  and  that  they  have  a  less 
power  of  generating  heat,  the  production  of  heat  and 
the  consumption  of  oxygen  being  in  all  cases  propor- 
tionate.^ I  have  already  adverted  to  the  observation 
of  Buffon,  that  a  newly-born  animal  can  live  for  a 
certain  length  of  time  under  water;  the  fact  was 
confirmed  by  Dr.  Edwards,  but  lie  found  that  tliis 
power  belonged  only  to  those  animals  which,  while 


7  De  r Influence,  &c.  p.  1J2.    « Ibid.  p.  61 S.    v  Ibid*  p,  190, ,  3. 
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young,  generate  tli^  least  beat,  that  they  fioon  lose 
this  power,  and  at  the  same  time  acquire  the  capacity 
of  evolving  heat  in  a  greater  degree ;  we  may  presume 
that  this  difference  depends  upon  the  state  of  the 
ductus  arteriosus*  and  the  consequent  state  of  the 
puhnonic   circulation.     We   learn  also   that   young 
animals  differ  from  each   other  in  their  power  of 
resisting  cold,  or,  which  amounts  to  the  same  thuig, 
of  generating  heat,  and  in  thes^  cases  we  can  always 
perceive  a  relation  between  this  power  and  the  con- 
sumption of  oxygen/     In  addition  to  these  consider- 
ations I   may  adduce  the  experiments  of  Proven<;aI 
on  the  effects  of  dividing  the  par  vagum,  of  which  I 
have  already  given  an  account,  p,  168,  where  it  waaj 
found  that  the  temperature  declines  in  exact  propor- 
tion to  the  difficulty  which  the  air  has  iu  getting.  | 
access  to  the  pulmonary  vesicles.    The  curious  obser-l 
vation  of  MiLTrevost  and  Dumas,  according  to  which  I 
the  temperature  of  the  different  classes  of  animals  h 
proportionate  to  the  number  of  the  red  particles  in 
their  blood,  also  affords  a  farther  confirmation  of  the 
same  doctrine  ;  for  we  can  conceive  of  no  other  kind 
of  action  that  these  particles  can  exercise,  except  a  ^ 
chemical  one  upon  the  air.-     It  had  been  frequently 
remaiked  that  there  was  a  certain  degree  of  cor 
pondence  between  the  tcmperatm-e  of  an  animal  andj 
the  colour  of  the  blood,  but  the  observation  had  beenj 
previously  made  in  a  general  way  only.     The  lower! 
temperature  of  the    **  Co^rideans,"    see    p.  llTt  if 

'  De  PInfluence,  par.  4*  c.  2. 

*  Ann.  Chjin.  ct  JEliys.  t.  stxili.  p.  64.  et  seq* 
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Ukewiae  an  argumeut  in  favour  of  the  chemical 
doctrine  of  animal  heat,^  Upon  the  same  prin- 
ciple we  account  for  the  lower  temperature  of 
asthmatic  patients-  Dr.  Bree  informs  us  that  they 
are  generally  colder  than  other  individuals ;  he 
particularly  mentions  one  case  where  the  temperature 
during  the  paroxysm  sunk  to  82°,  while  at  other 
times  it  was  97^ ;  and  he  believes  that  there  are  in- 
stances in  which  it  is  lower,^  When  from  any  cause 
the  conversion  of  arterial  blood  into  the  venoiLs  state, 
is  :mpeded,  as  was  observed  by  Hunter  to  take  place 
during  fainting,  the  temperature  is  also  lowcretL* 

It  may  be  farther  urged  as  a  strong  argument  in 
favour  of  the  chemical  doctrine  of  animal  heat,  that 
in  consequence  of  Uie  union  of  oxygen  and  carbon  in 
the  lungs,  heat  must  necessarily  be  extricated,  which 
can  be  no  otherwise  disposed  of  than  in  raising  the 
temperature  of  the  animal,  although  it  is  admitted 
that  there  is  a  difficulty  in  explaining  in  what  exact 
part  of  the  system  the  extrication  of  heat  takes  place.*^ 
Nor  are  we  obliged  to  rest  upon  the  general  fact  only: 
it  is  proved  by  decisive  experiments,  that  under  or- 
dinary circumstances,  the  formation  of  the  carbonic 
acid,  which  is  produced  by  respiration,  is  an  actual 
source  of  heat,  which  may  be  exactly  measured,  and 

^^^s  Blunienbach,  InsL  PhysioL  note  to  §  167. 

^^Pi  On  Disordered  Respiration,  p.  137,  8. 

^»  On  the  Blood,  p.  68. 

^P*  Mr.  Brodie'fi  experiments,  as  he  correctly  observes^  clearly 
prove  that  the  nervous  influence  is  not  necessary  to  tlie  pro- 
duction of  the  chemical  changes  which  the  air  and  the  blood 
naturally  produce  upon  efich  other  in  the  lungs ;  Phil.  Trana, 
for  1812.  p.  389. 
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whicli  mmt  be  available  in  maintainitig  the  tempera^ 
ture  of  the  animal  at  the  required  standard.  By 
means  of  the  calorimeter,  Lavoisier  and  La  Place 
compared  the  heat  evolved  during  the  formation  of 
a  givTo  quantity  of  carbonic  acid,  as  produced  by  the 
combustion  of  carbon,  with  the  heat  evolved  during 
the  formation  of  the  same  quantity  of  carbonic  acid 
by  respiration^  and  the  amount  of  absolute  heat 
appeared  to  them  to  be  at  least  as  great  in  the  latter 
case  as  in  the  former.^ 

A  series  of  experiments  has  been  lately  performed 
by  M.  Dulong,  on  the  question  how  far  the  heat 
extricated  by  the  generation  of  the  carbonic  acid  in 
the  lungs  is  adequate  to  the  supply  of  the  caloric 
which  is  expended  by  the  body  under  ordinary  cir- 
ciunstances.  From  the  mode  in  which  the  experi- 
ments were  performed,  as  well  as  from  the  acknow- 
ledged talents  of  the  author,  we  cannot  but  consider 

1  Mem.  Acatl.  Scicn.  poyr  1780,  p.  407*  et  seq. ;  see  alw 
Menzies  on  Respiration,  p.  3D.  et  seq. ;  Thenard,  Traite,  U  ul. 
p.  670,  1.  De  la  Rive»  De  Calore  Animali,  gives  the  followtng 
estimates  ;  tlie  heal  employed  in  evaporating  the  water  that  is 
discharged  from  the  lungs  is  sufficient  to  melt  3^5  lbs.  of  ice, 
that  necessary  to  raise  the  temperature  of  the  inspired  air 
29  lbs.  making  together  32*5  lbs.  The  heat  which  ia  evolved 
by  the  formation  of  the  carbonic  acid  would  melt  108  )b«.  of 
ice,  tiiat  by  the  absorption  of  oxygen  in  the  luugs,  besides  wliat 
18  employed  in  forming  the  carbonic  acid^  would  melt  26  lbs., 
making  together  134  lbs. ;  hence  we  have  the  heat  which  would 
be  required  to  melt  101 '5  lbs.  of  ice  left  to  maintain  tlie  tempc* 
rature  of  tlie  body*  Tlie  three  first  of  the  above  quantities  are 
pretty  correctly  ascertained ;  with  respect  to  the  fourth,  it  would 
be  almo&l  impossible  to  form  mi  average  of  its  amount. 
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the  results  as  entitled  to  much  attention.  The  ap- 
paratus appears  to  have  heen  skilfully  contrived,  sa 
as  to  allow  the  animal  to  remain  as  little  under  re- 
straint as  possible^  while  it  was  capable  of  measuring 
with  accuracy  the  quantity  of  heat  that  was  evolved 
by  respiration ;  and  in  order  to  render  the  results  less 
liable  to  objection,  six  difierent  kinds  of  animals  were 
employed. 

The  conclusion  that  M»  Dulong  draws  from  his 
experiments,  is  that  the  quantity  of  calorie  disen- 
gaged by  the  lungs,  althougli  considerable,  and  an 
actual  source  of  temperature,  is  not  sufficient  to 
account  for  the  whole  of  the  animal  heat.^  But  we 
may  remark,  that  with  all  the  care  which  was  be- 
stowed upon  the  experiments,  and  valuable  as  they 
must  be  considered,  there  are  still  some  points  that 
require  farther  inquiry.  In  the  first  place,  as  the 
author  is  himself  aware,  his  conclusion  essentially 
depends  upon  the  correctness  of  the  estimate,  which 
was  made  by  Lavoisier  and  Seguin,  of  the  quantity 
of  heat  extricated  during  the  combustion  of  a  given 
weight  of  charcoal.  For  this  purjwse  these  philoso- 
phers employed  their  calorimeter,  an  instrument, 
which,  although  highly  ingenious,  we  have  reason  to 
suppose,  is  not  capable  of  affi^rding  very  correct 
results. 

In  the  second  place,  it  appears  that,  besides  the 
oxygen  whicli  was  expended  in  the  formation  of  the 
carbonic  acid,  M.  Dulong  found  that  a  considerable 


Magendiej  Journ.  de  Physiol.  Jan.  1823# 


J)ulong*s  Experiments, 

quantity,  in  aome  cases  amounting  to  oue-tliird 
the  whole,  was  expended  in  some  other  way  ;  but  in 
whatever  manner  it  was  employed,  in  losing  it«  aeri- 
form state>  it  must  evolve  a  quantity  of  caloric,  which 
should  be  taken  into  account  in  forming  our  estimate. 
It  may  be  farther  observed,  that  we  cannot  be  per* 
mitted  to  assume  that  the  same  quantity  of  heat  wil 
be  extricated  by  the  combustion  of  charcoal  heated  in 
oxygen  gas,  as  by  the  union  of  the  carbon  emitted 
by  the  lungs  with  the  oxygen  of  the  inspired  air ; 
and,  lastly,  it  is  not  unfair  to  suppose  that,  notwith- 
standing all  tlie  care  bestowed  upon  the  experiinents,.^^ 
there  might  be  various  circumstances  connected  witU^^ 
tlie  actions  and  organization  of  the  animal,  which 
would  affect  the  regularity  of  the  functions  and  their 
relation  to  each  other,  and  which  might,  in  various 
ways,  interfere  with  the  results.  i^^ 

But  even  were  we  to  admit  the  conclusion  of  M.^^^ 
Duloiig,  without  any  restriction,  it  will  appear  tliat 
we  have  stdl  a  large  quantity  of  heat  extricated  in 
the  lungs,  which  must  necessarily  raise  the  tempera- 
ture of  the  body,  although  there  may  be  some  reason 
to  doubt,  whether  it  be  adequate  to  the  whole  of  the 
effect  which  is  produced.  Upon  the  whole,  howevoy 
I  conceive,  that  the  information  which  we  possess 
the  subject  will  lead  us  to  the  opinion,  that,  under 
the  ordinary  circumstances  in  which  the  animal 
is  placed,  the  heat  extricated  by  the  lungs  is  sufficient^ 
to  maintain  its  temperature,  the  difficulty  will  the 
fore  be  not  to  find  a  source  for  the  heat  which  anJ* 
mals  possess  under  ordinary  circumstances,  but  to^ 
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aecoiiut  for  the  deviations  which  occur  in  extra- 
ordinary cases,  or  in  unnatural  situations  of  the  in- 
diridual*  These  deviations,  it  is  admitted,  we  fre- 
quently find  it  very  difficult  to  explain,  but  they 
cannot  be  allowed  to  form  any  objection  to  the  ge- 
neral doctrine,  winch  appears  to  be  founded  upon  a 
fair  induction  from  a  sufficient  number  of  direct  and 
well  established  facts. 

To  the  deviations  which  are  occasioned  by  the 
general  state  of  the  system,  independent  of  mere 
chemical  action,  may  be  referred  some  interesting 
observations  of  Dr.  Edwards,  in  the  comparative 
power  whicli  young  animals  possess  of  producing  heat. 
In  opposition  to  the  general  opinion,  that  their  tem- 
perature is  superior  to  that  of  the  adult,  he  found 
that  young  animals  indicate  a  lower  degree  of  heat  f 
'  and  that  in  some  cases,  as  that  of  the  puppy,  kitten, 
and  rabbit,  if  they  be  removed  from  the  mother,  and 
exposed  to  an  atmosphere  of  between  50^  and  70", 
their  temperature  will  sink  to  nearly  the  same  degree* 
This  imperfect  power  of  producing  beat  exists  in  the 
greatest  degree  immediately  after  birth,  and  pro- 
gressively diminishes,  until,  in  about  15 'days,  they 
acquire  the  taculty  of  generating  heat  in  the  same 
degree  with  the  adult.^     The  observation  does  not, 

9  Vide  supra,  p.  246. 

'  There  is  a  tlifterence  of  optnion  respectiog  the  temperature 
of  the  human  infant,  which  must  be  removed  by  farther  obser-* 
vationa.  Mailer  remarks,  in  confonuity  with  ttie  common  opf-* 
nion,  that  children  have  less  power  of  producing  heat  than 
adults ;  £h  Fhys.  vi.  3*  10  ^  and  thii  is  coafirmed  by  the  ohscr- 
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however,  apply  to  all  the  mammalia ;  this  defect  aj 
pearecl  to  be  confinetl  to  those  animals  that  are  bor 
blind,  thus  indicating  a  state  of  imperfectiou  in 
general  state  of  their  organs  and  functions.  The  case  i 
the  same  with  birds  as  with  the  mammalia;  i. 
some  birds  which  are  bom  in  a  defective  state,  wit 
respect  to  their  organs  geiierallyj  have  a  defectii 
power  of  producing  heat,  whereas  those  that  are  bor 
in  a  more  perfect  condition,  have  the  respiratoryj 
organs  also  more  capable  of  exercising  their  function 
Dr.  Edwards  correctly  points  out  the  analogy  which 
these  animals  bear  to  the  liybernating  tribes  j  they 
may  both  of  them  be  considered  as  the  connecting 
links  between  the  two  great  divisions  of  the  wana 
and  the  cold-blooded,* 

lu  the  last  place  it  may  be  m'ged,  that  if 
reject  the  chemical  doctrine  of  animal  heat»  we  hai 
no  adequate  hypothesis  to  substitute  in  its  place;  fd 
although  it  is  admitted  that,  in  some  way,  which 
are  not  very  well  able  to  explain,  the  nervous  systei 
exercises  a  powerful  influence  over  the  extrication 
heat,  we  have  no  analogy  which  would  induce  m 
suppose  that  the  nerves  can  directly  produce  a  chi 
mical  change,  or  that  they  can  alter  the  chemic 
relation  of  substances  to  each  other^  unless  by  tin 


C^ 


vations  €f  Dr.  Edwards  and  Despretz,  see  above^  p.  ^4^.     W| 
have*  however,  on  the  contrary,  the  direct  testimony  of 
Davy,  that  the  teniperatyrc  of  young  animals  generally,  < 
that  of  a  newlT-born  childp  which  he  particularly  exanuncdi  j 
higher  than  in  the  adult ;  Phil.  Trm\A.  for  ISlh  p*  602|  S. 
De  rinfluence^  dc«  par.  2*  c*  I. 
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in  terpen  tion  and  introduction  of  some  new  chemical 
or  pbysical  agency,  of  which,  in  this  case,  we  have  no 
intimation,  and  of  the  nature  of  which  we  can  form 
no  plausible  conjecture. 

An  exception  to  the  above  remark   may  appear 
to  be  deduciblc  from  the  curious  discovery  of  Dr. 
Philip,  respecting  the  action  of  galvanism  upon  the 
bloodi     We  learn  from  him,  that  if  the  galvanic  in- 
fluence be  appHed  to  Iresh  drawn  arterial  blood,  an 
evolution  of  heat^  araounting  to  3*^  or  4*^,  takes  place, 
while  the  blood  assumes  the  venous  hue,  and  be- 
comes partially  coagulated  ;  it  appears  also  that  this 
extrication  of  heat  cannot  be  produced  from  venous 
blood,nor  even  from  arterial  blood,  except  immediately 
upon  its  being  discharged  from  the  vessels.^     Dr. 
Philip  draws  an  inference  from  the  experiment  in 
favour  of  his  hypothesis  of  the  identity  of  the  nervous 
and  the  galvanic  influence,  for,  as  he  supposes  tliat 
oue  of  the  functions  of  the  nervous  system  is  to  assist 
in  maintaining  the  temperature  of  the  body/  it  ap- 
pears that  he  have  here,  in  like  manner,  the  evolution 
of  heat  produced  by  the  application  of  galvanism. 
'     I  shall  reserve  my  observations  upon  this  hypothesis 
to  the  next  chapter,  which  treats  upon  secretion,  but 
it  will  be  necessary  to  make  a  few  remarks  in  thijs 
2>lace  upon  the  experiment  iu  question,  so  far  as  it 
relates  to  the  subject  of  animal  temperature,     Al- 
tliough  there  is  considerable  difficulty  in  explaining 

3  Inquiry,  p.  168,  ct  seq. ;  QuarL  Jour*  v.  xiv*  p*  105,  et  seq. 
*  Inquiry,  ex.  76. .  82.  p.  238.  et  eeq. ;  Quart.  Joun  v.  xiv. 
p.  106. 
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the  intimate  nature  of  the  galvanic  action, yetwe  kn<! 
that  its  specific  eflPect  is  to  induce  certain  chemical 
changes  in  the  snhstances  to  which  it  is  applied,  and 
that  so  far  as  these  changes  are  concerned,  it  is  to  be 
regarded  in  no  other  light  than  as  a  chemical  agent. 
As  the  evolution  of  heat  is,  strictly  speaking,  a  che- 
mical effect,  wc  must  inquire  what  tlifferencc  there  k 
between  arterial  and  venous  blood,  and  between  arte^ 
rial  blootl  when  fresh  drawn,  and  the  same  fluid  after 
it  has  been  for  some  time  discharged  from  the  vessels, 
'which  might  be  supposed  to  be  affected  by  the  che- 
mical action  of  the  galvanic  apparatus.     With  re- 
gpcct  to  the  first  of  these  points,  we  may  go  so  far  as 
to  say,  that  the  various  experiments  which  have  been 
performed  on  the  subject  lead  us  to  suppose,  that  the 
arterial  blood  contains  an  excess  of  oxygen  and  the 
venous  of  carbon.    Dr.  Philip's  experiments  therefore 
show  us,  that  the  galvanic  influence  has  the  power 
of  acting  upon,  or  decomposing,  oxygenated  blood  in 
a  greater  degree  than  carbonated  blood,  but,  except 
this  simple  fact,  it  may  be  doubted  whether  may 
further  influence  can  be  deduced  from  them.    There 
is  much  more   obscurity  in  the  change  which  the 
blootl  undergoes  when  it  leaves  the  vessels,  but  it  in 
certain   that   its   chemical   and  physical   properties 
begin  almost  immediately  to  experience  an  alteration ; 
and  it  seems  that  this  alteration,  whatever  it  be, 
iders  it  less  liable  to  be  decomposed  by  the  action 
galvanism.     Upon   the  whole,  however,  I  may 
observe  that  Dr.  Philip's  experiments,  so  far  us  we 
are  able  to  comprehend  their  nature,  are  favounblf 
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to  the  chemical  doctrine  of  animal  heat.  They  prove 
to  us  that  heat  is  evolved  from  blood  by  a  chemical 
operation,  also  that  it  is  more  easily  evolved  from 
arterial  than  from  venous  blood,  or  rather  that  when 
the  blood  becomes  venalized,  it  is  no  longer  capable 
of  giving  out  heat  by  the  same  process  which  evolves 
it  from  arterial  blood. 

I  shall  give  a  brief  abstract  of  the  opinions  of  some 
of  the  most  eminent  physiologists  respecting  the  che- 
mical doctrine  of  animal  heat,  in  adtUtion  to  those 
that  have  been  already  noticed.     IVIenzies  gives  his 
assent  to  the  hypothesis,  and  ofters  various  arguments 
in  support  of  it  f  and  wc  have  the  same  in  Fourcroy/ 
Mr.  EUis  offers  various  considerations  in  favour  of 
the  doctrine,  principally  derived  from  the  correspond- 
ence between  the  temperature  of  the  animal  and  the 
extent  of  the  lungs,  or  the  facility  with  which  the 
blood  is  transmitted  through  them.^  Dr.  Henry  gives 
his  full  assent  to  Crawford's  theory;^  and  Mr.  Dalton, 
after  discussing  the  nature  of  the  objections  that  have 
been  urged  against  it,  concludes  that  it  is  not  affected 
by  tbem,^     M,  Thenard  ascribes  animal  heat  to  the 
union  of  the  oxygen  of  the  air  with  the  carbon  of 
venous  blood  ;^  M.  Afagendie  supposes  that  the  com- 
bination of  the  oxygen  of  the  air  with  the  carbon  of 
the  blood  is  sufficient  to  explain  most  of  the  pheno- 
mena of  animal  heat,  although  he  conceives  there  are 
certain  facts  which  cannot  be  accounted  for  upon  this 

5  Essay  on  Resp.  p.  36.  et  seq.  ^  System^  v.  x.  p,  524-,  5. 

7  Irtquhy,  p.  233,  240.  et  alibi.  «  Elements,  v,  iir.  p.  407- 

9  Manch,Mera.  ?.iL  (2d  ser.)  p*  38>9*     »  Chim*  t,  liL  p.  670. 
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pruiciple.     The  only  circumstance  to  which  he  iders 
h  the  increased  temperature  of  the  blood  drawn  from 
a  part  suffering  under  local  inii animation,  which,  as 
he  says,  is  considerably  above  that  of  the  blood  in  the 
left  side  of  the  heart ;  but  the  fact  is  stated  gencraUy 
without  any  reference,*     Dumas  remarks  upon  the 
corrcsiwndences  between  the  capacity  and  stmctiu^e 
of  the  lungs  and  the  temperature  of  the  animal,  and 
hence  draws  an  inference  in  favour  of  the  chemical 
theory.     He,  however,  considers  it  an  objection  to 
this  doctrine,  that  the  temperature  of  the  animal 
remains  the  same,  whatever  be  that  of  the  surrounding 
medium  ;  he  also  thinks  that  the  quantity  of  oxygen 
consumed  in  respiration  is  not  sufficient  to  sen'e  for 
the  support  of  the  temperature,  and  for  the  removal 
of  the  vapour  and  carbonic  acid ;  but  his  objectioas 
are  brought  forward  in  a  general  manner,  without 
reference  to  any  particular  facts.^     Legallois,  at  the 
conclusion  of  the  experiments,  of  which  an  abstract 
is   given  above,  p.  271,  although  he  supposes  that 
the  nerv  es  have  an  indirect  effect  upon  the  evolutic 
of  animal  heat,  states  his  opinion  to  be,  that  wl 
the  blood  is  arteriahzed  its  capacity  is  increased^ 
that  when  it  is  venalized  in  the  capillaries  its  capacit 
is  changed,  and  its  heat  given  out ;  and  adds  tha 
when,  from  any  cause,  the  respiration  is  rendered 
laborious,   by   the  proper   quantity  of  oxygen  not 
being  admitted  to  tlie  lungs,  the  temperature  is  pro- 
portionally reduced/ 

'  PhystoL  1. 11.  p.  40a         i  Pliy&ioL  U  Hi.  p*  1 J5*  I'/l*.  171* 
*  Ann.  de  Chim,  ct  Phys,  t,  iv.  p,  1 18,  et  *eq. 
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Segmn  brings  forward  various  considerations  in 
favour  of  the  connexion  between  animal  heat  and 
the  chemical  change  which  the  blood  experiences  in 
respiration  ;^  and  Soemmering  supports  the  chemical 
doctrine  of  animal  heat.''  Cuvier  supposes  that  re- 
spiration causes  the  combination  of  oxygen  with  carbon 
and  hydrogen,  in  consequence  of  which  heat  is  dis- 
engaged. He  says^  ^*  Le  poumon  est  le  foyer  de  la 
chaleur  animale,  et  c'est  la  que  le  sang  puisse  ceUe 
qu*il  porte  dans  le  reste  du  corps."  ®  This  chemical 
doctrine  of  animal  heat,  in  its  essential  parts,  is  also 
adopted  by  Blumenbach,  although  he  introduces  some 
modifications  into  Crawford's  theory;  he  supposes 
that  the  blood  leaves  the  lungs  charged  with  latent 
beat,  in  consequence  of  the  oxygen  which  it  contains ; 
that  it  acquires  carbon  in  the  small  vessels,  and  sets 
its  latent  heat  at  liberty  j*  and  Dr.  EUiotson,  likewise, 
although  aware  of  the  force  of  the  objections  that 
have  been  urged  against  it  by  Mr.  Brodie  and  others, 
admits  that  **  many  circumstances  favour  it ;"  and 
appears,  upon  the  whole,  disposed  to  adopt  it/  I 
may  also  remark  concerning  Dr.  Philip's  opinion, 
that  although  he  regartls  the  nervous  system  as  a 
necessary  instrument  in  the  process  of  calorification, 
yet  we  may  infer,  that  he  supposes  the  immediate 
effect  to  be  produced  by  the  union  of  oxygen  and  car- 
bon,^ Sir  A.  Carlisle  remarks  upon  the  correspondence 

*  Aoo.  Chira.  t.  v.  p,  259,  0. 

'  Corp.  Hum.  Fab.  t*  vu  §  76.  in  tlie  chap,  on  Kespiratlott. 

*  Tab.  Elem,  p.  46.  9  InsL  Fhys*  J  167.  p.  97»  8- 
'  Init.  Phyg,  p.  101.  ^  *  Inq,  p,.250.  ct  alibi. 
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between  the  comparative  anatomy  of  tlie  hnsgs  and 
the  temperature  of  the  animaL^  Dr,  Davy's  general 
conclusion  is  against  Crawford's  hypothesis,  because 
he  finds  no  material  difference  between  the  capacitiei 
of  arterial  aiid  venous  blood,  that  the  temperature  of 
the  left  side  of  the  heart  is  higher  than  that  of  tht 
right,  and  that  the  temperature  of  the  parts  of  tht 
body  generally  diminishes  as  we  recede  from  the 
heart.  These  facts,  he  observes,  are  more  agreeabli 
to  Black's  hj^othesig,  although  they  may  be  ex* 
plained  on  Mr.  Brodie's ;  but  upon  the  whole,  ht 
inclines  to  Black's.* 

§  2.   Of  the  meam  by  which  the  Animal  Tempera- 
ture is  regulated. 

Having  endeavoured  to  establish  the  doctrine  that 
the  source  of  animal  heat  is  in  the  lungs,  and  that  it 
depends  upon  the  chemical  action  of  the  air  on  the 
blood,  the  next  point  for  our  consideration  will  be 
the  mode  by  which  the  uniformity  of  the  animdl^ 
temperature  is  preserved.  We  find  that,  among 
warm-blooded  animals,  to  whatever  degree  of  heat 
of  cold  the  body  is  exposed,  the  blood  and  the  n 
teraal  parts  always  indicate  nearly  the  same  At 
of  heat**    According  to  the  view  wliich  has 

>  Phil.  Trana.  far  1805.  p.  15. 

^  PhiL  Trans,  for  1814.  p.  600.  .S. 

5  The  latest  observations,  and  we  may  precume  tht  mc 
correct,  thnt  we  posBew  on  thi«  aubjectf  lead  ui  to  condotki 
tlmv  this  uniformity  is  n<»l  quite  00  great  as  was  formarly  lup 
posedi  esp^eialfy  wheD  we  arrive  at  a  lenperaUure  SMirly  e^Qt^r 
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taken  above  of  the  cause  of  animal  heat,  the  question 
in  its  strict  form  will  be,  by  what  means  is  the  com- 
bination of  oxygen  and  carbon  in  the  lungs  so  regu- 
latedy  as  that  the  evolution  of  heat  is  in  proportion 
to  the  demand  for  it  in  the  system. 

But  in  order  to  solve  this  problem,  a  previoiLs  in- 
quiry presents  itself;  is  the  combiuation  of  oxygen 
and  carbon  in  the  lungs  always  going  forwards  at  the 

or  superior  to,  that  of  the  body  UscIC  This  h  decidedly 
proved  by  the  experiments  of  Delaroche  and  Berger,  who  fouad 
that  by  exposing  warm-bJooded  animaU  to  very  high  tempe- 
ratures, they  experienced  an  elevation  equal  to  7*="  or  S«  (cent*) 
JauTD.  Phys,  t,  Ixxi.  p.  289.  et  aeq*  Dr.  Edwai'ds's  observations 
on  birds  at  the  different  seasons  of  the  year,  showed  that  there 
was  a  difference  of  4°  (cent.)  between  the  winter  and  summer 
DKiDths ;  De  Tlofluence,  Ac  p.  489.  Dr  Davy  observed  that 
the  temperature  of  the  inhabitants  of  Ceylon,  waa  P  or  2*'  higher 
thao  the  ordinary  standard;  ibid.  The  uniformity  of  the  animal 
temperature  appears  to  be  more  steadily  maintained  in  great 
degrees  of  cold,  where  it  seems  that  the  lieat  of  the  internal 
parts  h  icarcely  diminished,  as  long  m  the  functions  proceed  in 
their  ordinary  course*  We  have  many  accounts  to  this  effect 
by  travellers  and  naturalists,  but  none,  perhaps^  upon  which 
greater  reliance  can  be  placed,  than  upon  that  of  Capt.  Lyon, 
contained  in  Capt.  Parry's  Second  Voyage  to  the  Arctic  Regions, 
p.  157*  The  observations  were  principally  made  upon  newly 
killed  foxes,  the  temperature  of  which  was  found  to  be  from 
106^^  to  BS'^,  that  of  the  air  being  from  3'  to  52^  j  it  did  iiot 
appear  that  there  was  any  relation  between  the  temperature  of 
the  air  and  of  the  animals*  The  observations  were  made  at 
Wialer  Isle»  N*  lat«  66*^  IT*  So  far  as  regards  the  sensations. 
the  experience  of  these  voyagers  proved  that  the  state  of  motion 
or  rest  in  the  atmosphere  had  a  very  great  effect  in  exciting  the 
feeling  of  cold ;  they  found  a  calm  air  of  —  50**  more  tolerable 
(illMto  a  breeae  at  0*'*  ^  Jaii^  jj  i^. 
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game  rate,  and  consequently  adapted  to  the  lowest  tem- 
perature, which  is  consistent  with  the  continuance  of 
Kfe,  or  is  it  found  to  vary  in  the  inverse  proportion  to 
the  temperature  of  the  animal  ?  And  there  is  a  farther 
consideration  which  we  must  now  enter  upon ;  when 
an  animal  is  placed  in  a  medium,  the  temperature  of 
which  is  higher  than  that  natural  to  itself,  we  find 
that  the  body  still  remains  at  nearly  its  ordinary 
standard.  We  have  therefore  in  this  case,  not  merely 
the  suspension  of  the  process  by  which  heat  is  gene- 
rated,  but  it  would  appear  that  the  contrary  effect 
must  he  produced,  that  the  body  must  possess  the 
power  of  resisting  heat,  or  of  actually  generating 
cold.  This  leads  us  to  the  third  question  which  was 
proposed  in  the  commencement  of  the  chapter ;  by 
what  means  is  the  body  cooled  at  high  temperatures  ? 
And  as  there  would  appear  to  be  an  intimate  coi 
nexion  between  this  inquiry  and  the  former,  it  wil 
be  more  convenient  to  investigate  them  in  conji 
tion  with  each  other. 

The  i^ses  in  which  the  body  is  exposed  to  a  t€ 
pcrature  greater  than  what  is  natural  to  it,  are  j 
rare  compared  to  the  contrary  occurrence,  and  tl 
effects  of  such  exposure  are,  in  various  ways,  so 
favourable  to  the  exercise  of  the  vital  functions,  thi 
it  wa«  formerly  assmncd  as  au  acknowledged  matt 
of  fact,  that  life  could  not  exist  under  such  circui 
stances,     Bocrhaave  conceived  that  he  had  prove 
this  point  by  direct  experiment  ;   but  from   cat 
which  we  cannot  now  ascertain,  there  must  have  1 
some  source  of  inaccuracy,  which  interfered  with  bis 
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results,  and  led  him  to  an  erroneous  conclusion.^  The 
first  well  authenticated  facta  which  disproved  this 
opinion^  were  communicated  by  Tillet  and  Duhamel, 
who  gave  an  account  of  some  young  women,  the 
sen^ants  of  a  baker  at  Rochefoucanlt,  in  Angoumois, 
who  were  in  the  habit  of  going  into  the  heated  ovens, 
in  order  to  prepare  them  for  the  reception  of  the  loaves. 
The  temperature  to  which  they  were  exposed 
seems  to  have  been,  in  some  cases,  as  high  as  278^ 
Fahr,,  an3  this  heat,  it  is  said,  they  were  able  to 
endure  for  12  minutes  without  any  material  ineon-  ^ 
venience,  provided  they  were  careful  not  to  touch  the 
siurface  of  the  oven  J  The  statement  excited  great 
astonishment,  and  at  the  time  was  scarcely  cre- 
dited, but  it  is  fuUy  confirmed  by  subsequent  obser- 
Tations.  A  series  of  experiments  were  performed  by 
Fordyce,  Blagden,  and    others,    where  a  chamber 

^  The  experiments  were  performed  by  Fahrenheit  at  the  sug* 
gestion  of  Boerhaav€,  and  the  result  is  stated  to  have  been  that 
animals  coold  not  support  a  heat  of  more  than  14-6^;  Boerhaave^ 
Chem,  t,  i,  p*  275,  6.  Various  accounts  were,  from  time  to 
time,  published  by  travellers^  of  the  high  temperature  to  which 
the  body  is  subjected  in  tropical  climates,  which  were  often 
many  degrees  above  that  of  the  human  body.  See  Blumenbach^ 
Physiol,  p.  97 ;  Lawrence's  Lect.  p.  206 ;  and  Delaroche,  in 
Journ.  Phys.  t-  Uiii^  p.  207.  We  have  some  curious  observations 
by  Dr*  Edwards  on  the  effects  of  dilferent  temperatures  on  the 
cold-blooded  animals ;  a  frog  which  can  live  for  B  hours  Im- 
mersed in  water  at  32*^,  is  destroyed  in  a  few  seconds  in  water 
at  105*^;  this  appears  to  be  the  highest  temperature  wliich  cold- 
blooded animals  are  able  to  bear* 

7  Mem.  Acad«  Scien.  pouj:  X764,  p*  186*  ct  seq« 


Ekperinmits  f>f  Fdrdyce^  ic 

was  li6«tad  to  a  temperature  conaderably  abore 
of  boiling  water,  in  whicli  these  gentlemen  fou: 
they  could  retrain  without  much  inoonvenienee  for 
almost  an  indefinite  length  of  time.*  Another  set  cf 
experiments  of  the  same  nature  were  performed 
Liverpool  by  Dobson  wth  similar  results.* 
experiments  are  valuable,  inasmuch  as  they  i 
fully  establish  the  fact,  and  prove  that  there  was 
deception  in  the  case,  while  they  accurately  mark  the 
degree  of  heat  both  by  the  tliermometer,  and  by  its 
effect  on  inanimate  substances  that  were  exposed  to 
it.  But  it  is  to  be  regretted,  that  the  attention 
was  almost  exclusively  confined  to  this  point,  and 
that  while  they  were  observing  its  action  on  the  sur- 
rounding bodies,  they  almost  entirdy  neglected  to 
notice  its  effects  on  the  living  system.  They  inA 
infoim  us  tliat  the  temperature  of  the  body  was  litt 


"  Phil.  Trans,  for  1775,  p.  HI .  «t  seq.   The  conclution  whic 
Migdhn  draws  is,  that,  '*  No  attrition,  no  fermentation,  or  ^ 
Vfcr  flhe  the  mechanical  anil  chemical  physicians  have  dc 
can  explain  a  power  capable  of  producing  or  destroying  I 
just  as  the  circumstances  of  the  situation  require;"  p.  12^ 
a  second  paper  in  the  same  \olume,  p*  484**  et  »eq,,  he  obaer 
that  although  the  evaporation  from  the  surface  might  hare  son 
efti^ct,  it  was  **  by  no  means  sufiicient  to  account  for  the  who 
of  the  cooling ;"  p.  488* 

9  Phil.  Trans,  for  1775,  p*  46S.  et  seq»  In  one  of  th€  ^xp 
riments  related  by  Dobson,  a  young  man  remained  in  a  tevip 
tare  of  224""  for  10  minutes;  p.  464.  In  the  second 
experiments  performed  in  London,  HIagden  remained  for  \ 
minutes  in  a  temperature  of  ISSO^;  this^  however^  it  will  be  i 
served  r  is  considerably  leas  than  the  heal  to  which  the 
women  to  France  were  exposed. 
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if  at  all  raised/  and  tliat  in  some  of  their  expmixieiits 
a  profuse  perspiration  took  place ;  but  even  ibis  iB 
stated  in  a  general  way^  so  as  not  to  give  us  any 
certain  grounds  for  concluding  whether  it  had  any 
effect  in  lowering  the  teraperatme*    This  is  the  more 
remarkable*  as  Franklin  had,  some  years  before,  with 
his  usual  penetration,  suggested  tliat  the  evaporation 
£rom  the  surface  might  be  a  means  of  diminishiDg 
the  temperature  of  the  body  when  exposed  to  great 
heats,*     With  respect  to  the  effect  of  evaporation, 
the  observations  of  Fordyce  and  his  friends,  imperfect 
as  they  were,  seemed  to  be  adverse  to  the  hypothesis 
of  Franklin ;  and  the  same  conclusion  was  likewise 
Ibrmed  by  Crawford,  who  conceived  that  Fordyce  had 
sufficiently  proved,  that  evaporation  could  not  account 
for  the  cooling  effect  which  had  been  observed  by  him 
in  his  experiments.     Crawford  himself  explaiued  it 
upon  the  principle,  which  has  been  akcady  referred 
to,  that  in  proportion  to  the  elevation  of  the  tempe- 
rature to  which  the  body  is  exposed,  the  blood  be* 
comes  less  venalized,  and,  iu  the  same  proportion, 
loses  the  property  of  evolving  heat,  iii  consequence 
of  its   containing  a  less  quantity   of  inflammable 
matter.^ 

»  Phil  Trans,  for  1775-  p.  487. .  9  ;  in  this  experiment,  where 
ihe  body  waa  exposed,  nearly  naked,  to  a  temperature  of  220°, 
we  arc  informed  that  a  profuse  perspiration  took  place. 

•  Letter  to  Lining,  Works,  v.  ii.  p.  85  j  Journ.  Phys.  t*  ii. 
p.  4^4.  et  seq. 

.•  »  Phil.  Trans,  for  1781,  p.  487.,  1 ;  On  Animal  Heat,  p.  382 
i  ,  9*  Some  ^eiwible  observations  were  made  upon  the  cxperi- 
meats  af  Fordyce,  sliortly  after  they  were  performed,  bj  Chsn- 


m 


Observatiom  of  BelL 


•  Some  ingenious  dbscrv  ations  on  the  effect  of  hlgKl 
temperatures  were  made  by  Bell  of  Manchester,  inrj 
which,  although  he  admitted  the  correctness  of  thrfj 
facts,  he  endeavoured  to  prove  that  the  operation 
the  heated  air  upon  the  body  w^ould  be  considerablyl 
less  than  might  have  been  expected,  because  in  pro^j 
portion  as  the  air  is  heated,  it  is  so  much  expanded^] 
that  comparatively  few  particles  will  come  into  con* 
tact  with  the  surface  of  the  body;*  hence  we  find] 
that  wliilc  there  was  little  difficulty  in  resisting  th<>j 
heat,  when  the  body  was  in  contact  with  the  mf\ 
alone,  it  was  impossible  to  touch  any  solid  substonoo] 
without  exciting  pain,  so  that  even  the  clothes  soon] 
acquired  a  temperature,  which  rendered  it  difficult  taJ 
bear  them  without  inconvenience*  Bell's  remarksij 
however,  although  they  diminished  the  difficulty,  did 
not  remove  it,  and  it  was  not  until  the  subject  wai] 

geux,  Joum,  Phys*  t.  vli.  p.  57.  et  seq.,  pointing  out  their 
perfection  in  respect  to  the  physiological  inferences  that  migbt^ 
be  deduced  from  them* 

4  Manchester  Memoirs^  v,  i,  p,  1,  et  seq.     He  supposes  that  j 
three  circumstances  may  concur  to  prevent  the  operalton  oftht 
high  temperature;  1.  The  rarefaction  of  tlie  air;  2.  The  i 
porntlon ;  and  lastly,  The  afflux  of  the  colder  fluids  from  thf^ 
central  parts  of  the  system  to  the   centre*      We  learn  fronts 
Crawford,  Phil.  Trans,  for  17SI,  p.  4^1-,   that  Monro  attributed 
the  crtect  principally  to  this  latter  circumstance.     Some  curious  i 
facts  that  were  noticed  by  Currie,  respecting  the  effect  of  tht 
application  of  water  at  different  temperatures  to  the  surface  of  I 
the  body,  may  be  referred  to  the  abstraction  of  heat  by  evopo*  j 
ration  ;  to  the  same  cause  may,  in  a  great  nieasurej  be  afcriticilij 
the  different  cooling  powers  of  fresh  and  »alt  water;  PhiL  Tmutj 
for  179^^1  p*  l^0.  et  seq* 
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investigated  by  Dr,  Delaroch%  that  we  could  be 
considered  as  possessiiig  any  real  insight  into  this 
intricate  subject.  We  are  indebted  to  this  ingenious 
physiologist  for  three  valuable  memoirs,  which  were 
published  in  succession,^  and  which  each  of  them 
considerably  advanced  our  information  on  the  effect 
of  high  temperatures  upon  the  body,  and  on  the 
means  by  which  animals  ai*c  cooled,  when  exposed  to 
a  degree  of  heat  greater  than  their  own. 
*.  His  first  paper  contains  an  account  of  a  series  of 
experiments  performed  on  himself  and  Dr.  Berger, 
in  which  they  were  exposed  to  a  temperature  of  be- 
tween 225"^  and  228^,  during  which  they  noticed  the 
amount  of  the  evaporation,  and  also  the  chemical 
change  produced  upon  the  spired  air.  Experiment!  of 
mmilar  nature  were  also  performed  on  various  animals, 
from  which  it  appeared  that  the  effects  differed  con« 
siderably  in  the  different  species,  but  that,  for  the 
jnost  part,  the  larger  suffered  more  than  the  smaller 
animals.  It  has  been  ahready  observed  that  the 
experiments  of  Crawford,  Jurine,  and  Lavoisier, 
seemed  to  show,  that  at  high  temperatures  there  is 
a  less  consumption  of  oxygen  in  the  process  of  re- 
spiration, and  til  is  \vas  generally  regarded  as,  at  least, 
one  means  by  which  the  temperature  of  animals  is 
xegulated;   but  I)r^  Delaroche  informs   us,  on  the 

i  See  for  the  1st  paper,  Jouro,  PJiys.  U  IxliL  p.  207*  and 
l^icholfioa's  Journ*  v.  xvii.  p.  H2.  215;  for  the  2d  paper,  Journ. 
Phyg,  t.  Ixxi.  p.  289.  and  Nicholson's  Journ,  v.  xxxL  p.  361 ; 
for  the  3d  paper,  Journ-  Phys*  t»  Ixxvh*.  p»  1.  Tliey  were  pub^ 
lifihed  respectively  ia  Uie  yeare  1806, 1809,  md  1812. 
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Ml<ar4ry»  that  he  was  not  able  to  observe  kny  reUtioil ; 
between  the  temperature  of  the  ak,  and  the  degree  of  j 
its  deoxidatioiK 

In  his  second  paper,  he  more  minutely  attended  ta 
the  temperature  of  different  kinds  of  animals  when 
exposed  to  great  degrees  of  heat;  he  found  it  to 
be  not  BO  stationary  as  had  been  generally  supposed^ 
being  frequently  raised   by   10^  or  13°  above  the 
natural  standard,  although  it  still  remains  very  much 
below  the  temperature  in  wliich  an  animal  can  live 
lor  a  certain  length  of  time  without  any  considerable 
uneasiness.     With  respect  to  cold-blooded  animali^ 
although  their  heat  is  much  less  stationary  than  thoet 
with  warm  blood,  he  found  that  in  high  temperatures 
it  fell  considerably  below  that  of  the  medium ;  frQg%  j 
for  example,  in  air  heated  from  110"^  to  llfi^  were 
no  more  than  80*^  or  82°.    He  entered  upon  a  second 
set  of  experiments  for  the  purpose  of  directly  ascer- 
taining the  effect  of  evaporation  upon  the  tcmperatture 
of  animals,  the  restdts  of  which  fully  confirmed  his 
former  opinion,  pointing  out  an  obvious  relation  b^  \ 
tween  the  amount  of  evaporation  and  the  degree  in 
which  the  animals  were  able  to  resist  great  heatSL ' 
One  set  of  experiments  consisted  in  enclosing  varka 
animals,    for    example,    rabbits,     guinea-pigs,    and  I 
pigeons,  in  a  box  which  was  filled  with  steam  ;  it^ 
was  found  that  when  the  temperature  of  the  appa- 
ratus was  equal  to,  or  greater  than  that  of  the  body, ; 
the  temperature  of  the  animal  was  raised,  and  the ' 
^convenience  wliich  it  suffered  was   proportiooally 
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In  Mi  third  paper,  Dr.  Dclaroche  more  particukrly 
directs  his  attention  to  the  chemical  eflS&cts  of  respi- 
ration upon  the  air  under  different  circumstances. 
Having  proved  in  the  former  paper  that  when  the 
evaporation  from  the  skin  and  lungs  is  prevented,  the 
cooling  process  is  suspended,  it  was  an  interesting 
subject  of  inquiry  whether,  in  tliis  case,  the  chemical 
effects  of  respiration  continue  with  as  much  activity 
us  under  ordinary  circumstances.     The  experiments 
which  were  performed  for  the  purpose  of  ascertaining 
this  point,  seem  to  have  been  sufficiently  numerous 
and  well  conducted^  and  the  result  was,  that  the 
consumption  of  oxygen  is  greater  as  the  temperature 
is  lower,  upon  the  average,  about  as  6  to  S.     The 
formation  of  carbonic  acid  does  Hot>  however^  follow 
the  same  ratio  with  the  consumption  of  oxygen,  being 
not  only  in  all  eases  less,  so  as  to  indicate  an  absorp- 
tion of  oxygen,  but  it  w^as  found  that  this  excess,  ot 
the  difference  between  the  oxygen  consumed  and  the 
carbonic  acid  produced,  was  less  at  a  high  than  at  a 
low  temperature,  amounting  upon  the  average  to  no 
more  than  one-tenth,  or  not  more  than  half  of  the 
difference  of  the  consumption  of  oxygen  at  different 
temperatures.     The  opinion  of  Crawford,  Jurine,  and 
Lavoisier,  appears  therefore,  to  a  certain  extent,  to  be 
thus  confinned,  but  Dr.  Delaroche  supposes  that  the 
^ects  observed  in  these  experiments  w^ere  not  snffi- 
rient  to  explain  the  equalization  of  the  temperature, 
without  the  aid  of  the  cooHng  process  of  evaporation, 
:^md  indeed  tliis  had  been  so  fully  estabhshed  iu  the 
former  experiments  as  to  leave  no  donbt  of  its  agency* 
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Oor  general  coEclusioii  will  therefore  be,  that  at 
temperatiires  there  is  less  caloric  actually  evolved, 
but  that  the  circumstance  which  principally  contri- 
butes to  equaHze  the  heat  is  the  cutaneous  and  pul- 
monary evaporation,  while  at  temperatures  above 
that  which  is  natural  to  the  animal,  the  cooling  pro* 
cess  must  be  entirely  ascribed  to  this  operation.^ 

But,  although  we  are  very  much  indebted  to  Dr. 
Delaroche,  there  are  still  some  points  that  require 
farther  investigation.  It  is  proved  that  evaporation 
abstracts  heat  from  the  body,  hut  it  still  remains 
somewhat  doubtful,  whether  the  effect  thus  produced 
be  adequate  to  the  demands  of  the  system,  or  whe^ 

^  Black  very  explicitly  states  his  opinion  that  the  heat  which 
fs  necessarily  absorbed  in  spontaneous  evaporation,  contribute 
to  enable  the  body  to  bear  tlie  warmth  of  tropical  climates.  He 
particularly  adverts  to  Fordyce'ij  experiments,  and  states  his 
opinion  tliat  it  was  owing  to  the  evaporation  from  the  surface 
that  he  was  able  to  endure  so  high  a  temperature  ;  Lectures  bj 
Bobinson,  v.  i.  p.  214.  Lavoisier,  in  the  course  of  his  researclies 
into  the  nature  of  respiration  and  animal  heat,  IVequently  refen 
to  the  mode  by  which  it  is  ecjuatized,  when  the  body  is  exposed 
to  different  temperatures.  He  particularly  notices  this  subject 
>n  his  paper  on  transpiration,  published  in  the  Mem.  Acad,  for 
1790;  he  defines  this  function  to  consist  in  *'  a  loss  of  moisturei 
which  requires  heat  to  dissolve  it  in  the  airi  and  which  by  die 
cold  thus  produced,  prevents  tlie  temperature  from  rising  8boir« 
the  degree  natural  to  the  animaK"  This  opinion  was  geoeraltf 
adopted  by  his  contemporaries,  but  it  could  scarcely  be  regarded 
as  more  than  a  probable  conjecture  before  the  experinienta  of 
Delaroche.  See  Gregory's  Conspectus,  §  578  ;  the  Observatioot 
on  Animal  Heat,  from  §  571  to  \  580,  contain  a  tuccbci  and 
elegant  epitome  of  the  doctrines  which  were  the  most  approved 
.wlicQ  the  work  was  publislied. 
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ther  there  may  not  be  some  other  means  employed 
which  may  co-operate  to  the  same  end.  It  would  be 
desirable  to  examine  with  more  minuteness  than  has 
hitherto  been  done  into  the  quantity  of  vapour  formed 
by  the  body  as  compared  with  the  cooling  effect  pro- 
duced, ^Ve  should  ascertain  what  temperature  would 
be  acquired  by  an  inanimate  mass  of  matter  of  the 
same  bulk  and  capacity  for  heat  with  the  animal 
body^  and  compare  this  with  the  actual  temperature 
gaioed^  and  this  again  with  the  quantity  of  vapour 
generated.  It  would  also  be  desirable  to  ascertain 
with  more  minuteness  what  is  the  exact  effect  of  the 
respiratory  organs  of  animals  at  a  temperature  higher 
than  what  is  natural  to  them,  first  when  the  process 
of  evaporation  is  suffered  to  proceed,  and  afterwards 
when  it  is  suspended  ;  is  there  any  oxygen  consumed 
under  these  circumstances^  or  to  what  amount,  or  in 
what  degree,  does  the  quantity  differ  in  the  two  cases? 
The  supposed  power  of  the  animal  system  in  produc- 
ing cold  is  one  that  has  been  treated  of  in  a  singularly 
mysterious  manner^  and  much  vague  and  indeter* 
minate  speculation  has  been  employed  upon  a  subject 
with  which  the  framers  of  the  liypothesis  appear  to 
have  been  very  inadequately  acquainted.  The  in- 
formation which  we  derive  from  the  experiments  of 
Dr.  Delaroche,  although  not  in  every  respect  com- 
plete, is,  however,  of  great  value  ;  and  it  enables  us 
to  trace  out  a  connexion  between  the  different  func- 
tions of  the  lungs,  so  as  to  afford,  perhaps,  the  most 
interesting  example  which  occurs  in  the  animal  ceco- 
nomy,  of  that  beautiful  adjustment  of  the  functions 
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to  each  other,  upon  ^vhich  I  have  had  occasion 
I  jemark  in  otlier  parts  of  my  work ;  for  it  aj 
I  that  not  only  have  the  Inngs  the  power  of  evoli 
Beat  in  greater  or  less  quantity  in  proportion  to  tl 
demands  of  the  system,  but  that  the  same  organ^j 
under  other  circumstances,  can  produce  the  directly] 
contrary  eflfects,  and  actually  generate  cold.  ^j 

The  researches  of  Dr.  Edwards  afford  us  8om#| 
valuable  information  on  the  property  which  the  flysten^  I 
possesses  of  equalizing  its  temperature  under  different] 
>  eircumstances*    He  found  that  warm-blooded  animall  | 
have  less  power  of  producing  heat,  after  they  have  bee«  I 
for  some  time  exposed  to  an  elevated  temperattire^  wi\ 
is  the  case  in  summer,  while  the  oppofdte  effbct  U  f 
produced  in  winter*     A  series  of  comparative  experi^ 
jncntswere  performed,   which  consisted  in  exposinif 
birds  to  the  influence  of  a  freezing  mixture,  first  iif  i 
February,  and  afterwards  in  July  and  August,  an4l 
observing  in  what  degree  they  were  cooled  by  remain-* 
lug  in  this  situation  for  equal  lengths  of  time  ;  tb«  1 
itmlt  was,  that  the  same  kind  of  animal  was  cooled  m( 
or  eight  times  as  much  in  the  summer  as  in  the  wnite# 
months-'     This  principle  he  supposes  to  be  of  grai 
importance  in  maintaining  the  regularity  of  the  tmn  \ 
perature  at  the  different  seasons,  even  more  so  than 
evaporation,  the  influence  of  which,  in  this  respeet,  i 
he  conceives  has  been  much  exaggerated.'     It  vrndd  J 
appear,  however,  that  the  sudden  application  of  s 
high  or  a  low  temporature  has  a  different  effect  upon 


7  De  rinducDce,  ^c.  par.  9.  cbap.  5. 
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the  power  of  generating  heat  from  ite  more  gradual 
and  long  continued  application ;  in  this  case  the  heat 
is  abstracted  more  rapidly  from  the  animals  aftcf 
they  have  been  exposed  to  cold,  and  less  so  after 
they  have  been  exposed  to  heat/^  Hence  we  may 
conjecture  that  in  sudden  and  great  elevations  of 
temperature,  the  great  agent  is  evaporation,  while  in 
that  progressive  increase  and  decrease  which  dependa 
upon  the  change  of  the  seasons,  the  equalisation  of 
temperature  is  effected,  at  least,  to  a  certain  extent^ 
by  an  alteration  in  the  power  of  producing  heat/ 

The  result  of  our  inqiiiry  into  the  subject  of  animal 
heat  has  brought  us  to  the  conclusion,  that  it  is  thi 

io 

9  De  rinfluence,  &c,  par*  4.  chapi  3, 4* 

*  1  may  remark  that  the  observationa  of  Dr*  Edwards  upoct 
the  eS*€Ct  of  the  long  continued  application  of  heat  aod  cold, 
afibrd  a  general  confirmation  of  the  statements  formerly  made 
hy  Crawford  and  Lavoi^ieTi  and  mare  lately  by  Dr.  Delaroche, 
respecting  the  different  degree  in  which  the  chemical  state  of  tht 
air  IB  affected  by  respiration  at  diCTerent  temperatures.  They 
had  indeed  no  idea  of  the  difference  which  appears  to  reault 
from  the  mode  of  applying  the  temperaturCi  which,  aa  we  hav6 
•eeoj  is  so  great  as  absolutely  to  reverse  the  effect ;  but  so  far  as 
the  conclusion  from  their  experiments  is  concerned^  it  coincides 
with  what  may  be  deduced  from  Dr.  Edwards's*  In  considering 
llie  nature  of  the  operation  by  which  th^  body  is  cooledi  it  is 
always  necessary  to  bear  in  mind,  that  it  is  effected,  under 
ordinary  circumstances^  in  two  ways,  by  a  diminution  of  the 
process  by  which  beat  is  evolved^  and  by  the  absolute  abstraction 
of  heat.  Before  quitting  this  topic,  I  may  remark,  that  M*  Ma* 
gendie,  in  referring  la  the  experiments  of  Dr.  Delaroche,  ob> 
servesi  ''  point  de  doute  que  I'evaporatioa  cutantQ  et  puimo* 
jiaires  ne  soit  la  cause  ptur  laquelle  Ihomme  et  lefi  aoimaui 
resifltent  a  uae  forte  ch^eur/*  PhyBioL  U  li,  p.  403. 


A 


101 


General  Condmiom, 


immediate  eflfect  of  respiration,  and  tliat  the  lunj 
are  the  apparatus  by  which  the  heat  of  the  system  i^ 
evolved,  and  its  temperature  regulated.     This  is 
complished  by  the  discharge  of  carbon  and  water,  1 
first  depending  upon  a  chemical  combination  of  tt 
oxygen  of  the  atmosphere  with  a  portion  of  carbona^J 
ceous  matter  derived  from  the  blood,  during  whic 
combiuatioB  heat  is  necessarily  extricated  ;  the  i 
Upon  the  abstraction  of  a  portion  of  the  heat  thu 
extricated  in  consequence  of  the  evaporation  of  wate 
from  the  surface  of  the  pidmonary  cavities. 

Hence  we  obtain  an  answer  to  the  second  and  third 
questions  which  were  proposed  at  the  commencemeulJ 
of  this  chapter,  by  what  means  is  the  uniformity 
the  temperature  preserved  under  different  circuni- 
stanoes  ?  and  how  is  the  body  cooled  when  exposedJ 
to  temperatures  higher  than  itself?     With  respect] 
to  the  first  pointy  it  appears  probable,  that  there  is  ii 
provision  in  the  lungs,  by  means  of  the  combinatioa 
of  carbon  and  oxygen,  for  the  production   of  the 
greatest  quantity  of  caloric  that  can,  at  any  time,  be 
required  for  the  wants  of  the  system ;  that  when  a 
less  evolution  of  heat  is  necessarj^,  this  is   partly 
effected  by  a  diminution  in  the  quantity  of  oxygen . 
and   carbon    combined,    but   that  it   is  principallw 
brought  about  by  the  absorption  of  heat,  in  cmA 
sequence  of  the  evaporation  of  water,  a  process  whick| 
is  probably  at  all  times  going  forwards,  but  which  is 
increased  at  high  temperatures ;  and  so  far  in  pro- 
portion to  the  temperature,  that, m thin  certain  limits, 
it  can  prevent  the  undue  accumulation,  or  carry  off 
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the  excess  of  caloric,  and  prevent  the  body  from 
acquiring  a  temperature  beyond  that  which  is  natural 
to  it 

The  hmgs  are  materially  assisted  in  this  cooling 
process  by  the  perspiration  from  the  skin^  which,  like 
that  fi:ora  the  pulmonary  vesicles,  increases  in  the 
ratio  of  the  temperature,  and  serves  still  more  effec- 
tually to  abstract  the  excess  of  caloric.  And  I  may 
farther  observe,  that  not  only  is  the  pulmonary  and 
cutaneous  evaporation  immediately  increased  by 
whatever  raises  the  temperature,  but  that  the 
same  circumstances  provide  for  the  production  of  a 
still  greater  effect,  by  increasing  the  quantity  of  the 
evaporable  matter  in  consequence  of  the  circulatioa 
being  quickened^  and  all  the  secretions  being  propor- 
tionally augmented. 

It  would  appear  that  we  arc  not  yet  in  possession 
of  any  facts  which  can  enable  us  to  compare  accurately 
the  quantity  of  carbonic  acid  formed,  and  of  water 
evaporated,  with  either  the  heat  generated  on  the 
one  hand,  or  with  what  is  absorbed  on  the  other,  nor 
to  ascertain  the  proportional  operation  of  the  skin  and 
the  lungs*  It  seems,  however,  not  an  unfair  assumption 
to  regard  them  as  adequate  to  the  supposed  effects, 
because  we  not  only  know  that  these  processes  are 
respectively  the  cause  of  the  increase  and  tliminution 
of  temperatiue  in  bodies  that  are  exposed  to  their 
influence,  but  because  we  find  that  they  possess  in 
themselves  a  provision  for  regidating  the  temperature 
of  the  living  system,  which  would  be  altogether  use- 
'  less,  were  it  not  employed  for  this  specific  purpose, 
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I  have  endeavoured  to  show,  iu  the  preceding 
chapter^  that  this  removal  of  carbon  from  the  bloody 
is  an  operation  essential  to  the  well-being  of  the 
animal,  independently  of  its  effects  in  generating 
heat,  and  it  is  not  improbable  that  the  evaporation  of 
the  water  may  serve  some  other  useful  purpose,  be^ 
sides  that  of  cooling  the  body  at  high  temperatures* 
We  may  conclude,  upon  the  whole,  that  these  two 
functions,  that  of  respiration  and  that  of  calorification, 
are  strictly  connected  together,  and  mutually  con- 
tribute, not  only  to  the  due  performance  of  each 
other,  but  likewise  to  the  integrity  and  perfection 
of  the  whole  animal  a^conomy. 

Having  thus  attempted  to  account  for  the  opera- 
tions by  which  the  temperature  of  the  body  is 
latcd,  it  is  necessary  to  consider  how  far  they 
connected  with  the  other  vital  actions.  The  souwe' 
of  the  heat  which  is  evolved  in  the  lungs  i;rodd 
appear  to  be  a  proper  chcmitial  combiuatioD,  otmsa^ 
tially  the  same  nature  with  the  combustion  of  cbar- 
coal.  Now  in  this  case  there  does  not  appear  to  bt 
any  thing  absolutely  necessary  more  than  mereljr 
bringing  the  substances  that  are  to  act  upon  each 
other  into  suiBciently  extensive  approximation,  wbioh 
is  effected  by  the  pliysical  structure  of  the  luugi,  and 
the  mechanical  action  of  the  parts  connected  widi 
the  thorax*  By  the  conjoined  operations  of  digestiao* 
secretion,  excretion,  and  the  other  functioag  which 
affect  the  constitution  of  the  blood,  tliis  fltud  ii 
.brought  into  a  proper  state  to  be  acted  upon  by  thi 
air ;  by  the  contractile  power  of  the  heart  and  tba 
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capillaries,  it  Is  propelled  into  the  appropriate  organs, 
and  while  it  is  in  this  situation,  the  air  is  allowed  to 
act  upon  it.  The  only  direct  vital  action  in  this 
jcase  would  appear  to  be  the  contraction  of  the  mus- 
cular fibre,  at  the  same  time  that  various  chemical 
changes  are  brought  about  in  the  nature  of  the  blood, 
ivhich  induTCtly  co-operate  to  effect  the  ultimate 
object.  In  the  same  manner  we  shall  find  that  the 
production  of  cold  in  the  lungs  depends  directly 
upon  mechanical,  and  indirectly  upon  chemical  causes, 
the  air  being  mechanically  impelled  into  the  lungs, 
by  the  interrcntion  of  the  contractility  of  the  mus- 
cular organs  connected  with  the  chest,  while  a  quan- 
tity of  a  secreted  substance  is  provided,  the  watery 
part  of  which  is  dissolved  by,  or  diffused  through 
the  air,  and,  as  in  other  cases  of  eraporation,  produces 
cold.  In  the  same  manner,  or  even  by  a  more  simple 
process,  is  the  cutaneous  evaporation  effected;  for 
Bere  nothing  more  is  necessary  than  for  the  secretory 
arteries  to  pour  out  the  fluid  through  their  capillary 
extremities,  which  is  immediately  carried  off  by  the 
iir  that  is  in  contact  with  the  body. 

Although  in  the  actual  state  of  the  system  it  is 
Impossible  to  conceive  of  such  a  successive  train  of 
operations,  without  the  intervention  of  the  nervous 
influence,  yet  this  intervention  would  appear  to  be 
lather  of  an  indirect  or  incidental  kind,  than  one 
which  is  directly  essential  to  the  effect  produced. 
How  far  the  nervous  agency  is  concerned  in  digestioa^ 
iand  secretion  will  be  considered  hereafter,  but  sup- 
posing the  blood  and  the  different  fluids  to  be  properly 
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constituted,  there  secnis  to  be  notliing  farther  neces- 
sary, than  that  the  former  should  be  conveyed  through 
the  pulmonary  vessels,  and  the  latter  poured  out  on 
its  proper  surfaces,  while  the  air  is  duly  impelled 
into  the  vesicles,  for  the  carbonic  acid  and  aqueous 
vapour  to  be  generated.  The  nice  adjustment  of 
these  operations  to  each  other,  and  to  the  demands  of 
the  system,  affords  an  example  of  that  admirable 
adaptation  of  contrivance,  which  pervades  every  part 
of  the  animal  ceconomy,  but  in  which  no  powers  or 
principles  of  action  are  concerned  essentially  different 
from  those  which  are  exerted  in  the  other  parts  of  the 
living  system.  It  is  indeed  to  this  simplicity  of 
action^  or  to  the  complicated  results  which  arc 
brought  about  by  the  operation  of  a  few  general  prilH 
ciples  only,  that  the  periectiou  of  the  animal  machine 
is  mainly  owing,  in  which  it  so  greatly  surpasses  the 
most  ingenious  of  human  contrivances,  and  w< 
more  especially  renders  it  a  subject  of  our  ne 
ceasing  wonder  and  admiration.'* 

That  the  nervous  system  is  indirectly  concerned 
in  the  production  and  regulation  of  animal  tempera- 
ture appears,  however,  to  be  sufficiently  proved  hf 
various  observations  and  experiments.  Legallois, 
although  he  found  so  exact  a  correspondence  between 
the  chemical  effects  of  respiration  and  the  d^gm 
of  heat  extricated,  still  conceives  that  the  anifliil 

^  Mecbanice  organum  id  laudat,  ejuaque  auctorcm  edtbfit 
lapientisslmum,  quod  quecsito  efiectui  producendo  apUftsimucr, 
iimulque  ititer  omnia,  quee  cundem  praestare  posscot,  mfli- 
ci«^imura  cat.    Boerhaave,  Oratio  de  Usu  RaiiQc*  Mcdi.  p.  i^ 


^ 


vhid^ 
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temperature  is  very  mucli  under  the  influence  of  the 
iier\oiis  system,  so  as  to  lead  him  to  conclude  that 
whatever  weakens  the  nervous  power,  proportionally 
diminishes  the  power  of  producing  heat.^  We  may 
likewise  draw  the  same  inference  from  the  experi- 
ments of  Mr.  Brodie,  and  from  the  pathological 
observations  of  Mr.  Earle  and  others  of  a  similar 
kind.  This  is  also  the  necessary  deduction  from  the 
experiments  of  Dr.  Philip,  in  which  it  appeared  very 
clearly  that  the  nervous  influence  is  so  intimately 
connected  with  the  power  of  evolving  heat  as  to  lead 
him  to  conclude,  as  we  remarked  above,  that  the 
nervous  power  is  a  necessary  intermedium  between 
the  different  steps  of  the  operation.  In  consequence 
of  his  discovery  of  the  evolution  of  heat  by  galvanism 
from  arterial  blood,  he  regards  the  process  of  calori- 
fication as  a  case  of  secretion,  and  explains  it  upon 
his  general  principle  of  the  identity  of  the  nervous 
and  galvanic  influence,  and  of  this  influence  being 
essential  to  the  function  of  secretion,^     Although  it 

3  The  ilestrucUon  of  a  part  of  the  spinal  cord  was  found  to 
diminbh  the  temperature  of  an  anlmaU  and  ilih,  so  far  as  ap- 
pearedj  witbout  the  disturbance  of  any  other  function ;  Philip's 
Inq,  c  74  2 ;  Ex,  55, 6.  p.  159,  0. ;  Quart*  Jouro.  v,  8.  p.  75,  6. 

*  See  Inquiry,  ch,  8,  In  connevion  with  the  nervous  hypo- 
thesis of  animal  l»eat»  I  raay  menlion  the  singular  speculation  of 
Peart ;  he  supposes  that  "  aminal  licat  is  a  compound,  produced 
by  a  mixture  of  the  nervous  fluid  with  pure  air;"  On  Animal 
Heat,  p*  80.  He  fart!ier  informs  us»  that  **  the  nervous  fluid  is 
composed  of  an  earth,  united  with  much  phlogiston,  and  a 
quantity  of  ether/'  p*  111;  and  that  **  a  quantity  of  this  phlo- 
giston of  the  nervous  fluid  unites  with  the  ether  of  the  pure  m^ 
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may,  perhaps,  be  considered  as  merely  a  Terbal  in* 
accuracy,  yet  I  should  object  to  appljing  the  term 
secretion  to  the  extrication  of  heat,  when  the  ex- 
pression is  intimately  connected  with  the  estaUish- 
ment  of  an  hyjiothesis.  Nor  do  I  consider  Dr. 
Phihp*s  experiments,  in  the  accuracy  of  which  I 
place  full  confidence,  to  be  sufficiently  numerous  or 
varied  to  enable  us  to  draw  so  important  a  conclusion 
from  them  as  that  galvanism  is  an  essential  agent  in 
the  production  of  animal  heat*  The  legitimate  in- 
ference from  them  appears  to  be,  that  whatever  be 
the  chemical  action  of  galvanism^  it  has  the  property 
of  evolving  heat  from  arterial  blood,  but  I  presume 
that  the  intimate  nature  of  this  operation  is  still 
unknown.  Nor  do  I  think  that  \vc  arc  able  to 
explain  the  facts  of  a  more  general  nature  which  have 
been  brought  forwards  by  Ur.  Philip  and  other 
physiologists  respecting  the  connexion  between  the 
nervous  influence  and  the  production  of  heat.      1 

Bufiicjent  to  satyrate  it|  and  form  that  heat    which  h  called 
animal  heal;''  p,  112. 

5  Hunter,  Anim,  CEcon.  p*  104,  remarks,  that  the  power  qf 
generatmg  heat  cannot  *'  depend  upon  the  nervous  sj^Btepi*  for 
It  is  found  in  anlmaU  that  have  no  hrain  or  nerves/*  See  also 
Phil.  Trans*  for  1775,  p.  457-  IMany  of  the  facts  brought  for* 
ward  hi  this  paper,  are  curious  and  interestlngi  but  the  author 
totally  fails  in  establishing  his  conclusion,  that  antmal  heat  im* 
mediately  results  fronn  the  action  of  the  vital  principle,  in  coo* 
lequence  of  his  having  overlooked  many  of  the  accompanying 
phenomena.  An  hy potIie£is  lias  been  lately  advanced  by  5ir 
E.  Home,  respecting  the  production  of  animal  heal,  accord- 
iijg  to  which  it  h  restricted  to   the  ganglionic   part  of  the 
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coneeive  the  most  probable  supposition  to  be  that  the 
eapiUary  arteries  are  the  part  most  immediately  con- 
nervous  system.  The  doctrine  especially  rests  upon  the  two 
positions,  that  there  are  cert£iin  animals  which  possess  a  brain^ 
or  some  pirt  equivalent  to  it,  but  whose  temperature  m  not 
higher  than  that  of  the  surrounding  medium,  while,  on  the  other 
hand,  all  the  animals  that  evolve  heat  are  provided  with  ganglia. 
The  most  important  facts  that  are  brought  forward  in  this  paper 
are  those  on  the  comparative  temperature  of  the  two  horns  of  a 
young  deer,  in  one  of  which  the  nerves  had  been  divided^  the 
otiier  being  left  entire.  After  some  hours  the  divided  horn  had 
its  temperature  considerably  dimintshed,  but  in  five  days  it 
nearly  recovered  its  natural  state.  The  part  was  examined  after 
the  death  of  the  animal,  when  it  was  found  that  "  no  union  had 
taken  place  between  the  divided  trunk/'  the  natural  conclusion 
from  which,  I  conceive,  to  be  that  the  decrease  of  temperature 
did  not  depend  upon  the  division  of  the  nerves,  but  upon  some 
other  circumstance  attendant  upon  the  operation.  The  author, 
however,  formed  a  contrary  conclusion ;  he  remarks,  that  "it  was 
evident  from  the  recovery  of  its  heat,  that  some  other  connexion 
had  been  formed  between  the  nerves  of  the  horn  and  those  of 
the  head,"  I  may  further  observe,  that  I  do  not  perceive  how 
this  experiment  bears  upon  the  peculiar  hypothesis  of  the  author, 
respecting  the  specific  effect  of  the  ganglionic  nerves  in  generat- 
ing animal  heat;  Phil-  Trans,  for  1825,  p.  257.  et  seq* 

Jan.  1826.  I  learn  from  the  number  of  the  Quarterly  Journal 
of  this  month,  vol.  xx,  p.  307,  that  Sir  Ev.  Home  has  repeated 
the  experiment  on  the  horn  of  the  deer^  and  found,  as  before, 
that  its  temperature  is  lowered  by  the  division  of  the  nerve ; 
but  that  in  eight  or  ten  days,  the  effect  begins  to  diminish  and 
ultimately  ceases.  The  nerve  was  then  examined,  and  the  divided 
parts  were  found  to  be  connecled  by  a  newly  formed  substance ; 
thus,  as  the  author  conceives,  accounting  for  the  loss  of  tem- 
|»erature  in  the  first  instancei  and  for  its  subsequent  restoration. 
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cerned,  both  because  these  are  the  (H^^ans  iii*iRplucfa 
the  evolution  of  heat  actually  takes  place,  and  be- 
cause they  are  obviously  under  the  influence  of  the 
nervous  system.^ 

6  See  Ulqmenbacby  Inst.  Phyuol*  §16S.  et  seq. 
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CHAPTER  IX. 

OF  SECBETION, 

We  have  now  gone  through  the  functions  which 
are  more  directly  essential  to  the  mere  continuance 
of  vitality,  the  circulation  and  the  respiration,  func- 
tions which  cannot  be  suspended,  even  for  a  very 
short  interval  of  time,  without  the  immediate  extinc- 
tion of  life,  or  a  serious  derangement  of  its  more 
important  actions.  We  have  now  to  consider  a 
second  order  of  functions,  which  are  absolutely  neces- 
sary for  our  continued  existence,  but  which  would 
appear  to  be  exercised  only  at  certain  periods,  either 
when  circumstances  admit  of  their  action,  or,  if  we 
regard  theb  final  cause,  when  there  is  a  demand  for 
them  in  order  to  supply  the  wants  of  the  system.^ 
These  are  the  three  functions  of  secretion,  digestion, 
and  absorption.  The  first  affords  the  means  by 
which  certain  parts  of  the  blood  are  separated  from 
the  mass,  either  to  serve  some  useful  purpose  after 
their  separation,  or  to  remove  some  substance  which 
is  superfluous  or  injurious.  By  the  function  of 
digestion  the  aliment  taken  into  the  stomach  expe- 
riences a  series  of  changes  in  its  constitution  and 
properties,  probably  by  tlie  intervention  of  certain 

*  The  old  division  of  the  functiona  into  vital  and  natural, 
essentially  depends  upon  this  principle ;  but  there  was  some  iD'- 
accuracy  in  the  mode  of  applying  it^  while  the  nomenclature 
16  decidedly  inappropriate. 
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secreted  fluids,  which  converts  it  into  the  substance] 
that  seems  to  be  the  immediate  source  of  nutrition,.] 
while,  by  means  of  absorption,  the  substance  thu 
elaborated  is  carried  from  the  digestive  organs  intdl 
the  blood,  where  it  becomes  assimilated  to  this  fluid,] 
and  is  then  transferred  to  every  part  of  the  system,] 
dispensing  life  and  heat,  and  aiFording  materials  fof  | 
the  formation  of  all  the  solids  and  fluids  which  con>*] 
pose  the  great  machine. 

It  is  obvious  that  the  two  former  of  these  functioni j 
are  so  connected  together,  that  it  is  impossible  td ] 
give  an  account  of  one  of  them,  without  presuming  J 
upon  a  certain  acquaintance  with  the  other*     Thi 
secretions  cannot  be  formed  until  the  blood  has  bee^] 
aheady  elaborated  by  the  tligestive  and  assimilating] 
processes,   while  digestion,   in   its   tiun,  cannot  b# 
effected  until  the  stomach  has  secreted  the  gastria 
juice,  which  is  the  immediate  agent  in  converting] 
aliment  into  the  materials  of  the  blood.     Upon  thtfj 
whole,  how  ever,  it  appears  more  convenient  to  begin  I 
by  considering  the  function  of  secretion,  a&  we  shall,* 
by  this  means,  l>e  better  enabled  to  judge  of  the , 
merits  of  the  different   hypotheses  that  have  beefl 
formed  to  account  for  the  operations  of  the  digestive  j 
organs. 

In  considering  tltc  subject  of  secretion,  I  AtSll 
begin  with  a  few  preliminary  observations  on  thtf 
nature  of  the  function  and  on  the  structure  of  the  < 
secretory  organs  ;  I  shall  next  give  a  brief  account  of  j 
some  of  the  more  important  of  the  secreted  substances^  I 
and  shall  endeavour  to  form  an  arrangement  of  thgni« 
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I  shalli  at  the  same  time,  inquire  into  the  mode  of 
their  formation  considered  individually,  and  shall 
conclude  with  the  various  hypotheses  that  have  been 
formed  to  explain  the  operation* 

t 

§  1.  Description  of  the  Organs  of  Secretion. 

The  term  secretion,  according  to  its  original  and 
primary  meaning,  is  equivalent  to  separation,  and  it 
would  appear  that  this  was  likewise  the  technical 
sense  in  which  it  was  used  by  the  ancient  physio- 
logists, and  by  the  earlier  of  the  modems,  who,  for 
the  most  part,  conceived  that  the  secretions  previously 
existed  in  the  blood,  and  were  merely  separated  from 
it,  either  by  mechanical  means,  or  by  certain  chemical 
operations,  somewhat  analogous  to  precipitation,  At 
present  we  generally  attach  a  diftbrent  meaning  to 
the  term,  and  conceive  of  it  as  essentially  consisting 
in  the  production  of  some  change  in  the  secreted 
substance,  either  of  a  physical  or  chemical  nature, 
proceeding  upon  the  supposition  that  it  did  not  pre- 
I     yiously  exist  in  the  Wood,"     Perhaps,  however,  it 

^^^  3  The  late  experiment  of  MM«  Prevost  and  DumaB,  where 
rtoea  was  detected  in  the  blood,  af\er  the  extirpation  of  the 
kidney, may,  iadeed, lead  ys  to  the  former  opinion;  they  will  be 
more  fully  considered  in  a  subsequent  page.  M.  Magcndte'g 
definition  may  appear  to  favour  the  idea  of  mere  separation- 
**0n  do  line  le  noni  generique  de  secretion  ^  ce  phcnomene  par 
Icquel  une  partie  du  saiig  s*echappe  des  organs  de  la  cireulaiion 
pour  se  r^pandre  au  dehors  ou  au  dedans ;  solt  en  conservant 
ses  proprietes  chimiquesi  soit  aprds  que  ses  Clemens  out  eprouves 
un  autre  ordre  des  coiubinai^oiis ;''  rbysiol.  U  ii.  p.  3^.   HaUer 
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our  conception  of  the  process  of  secretion,  and  to  \ 
define  it,  that  function  by  which  a  suhstance  is  sepa*  | 
rated  from  the  hlood,  either  with  or  without  expe- 
riencing any  change  during  its  separation. 

But  although  it  may  be  found  convenient,  or  even 
technically  correct,  to  extend  the  term  secretion  to 
both  these  classes  of  substances,  it  may  still  be  proper 
to  employ  this  difference,  as  the  foundation  for  a^ 
subdivision  of  the  secretions,  into  such  as  are  simply 
separated,   and   such   as  are  actually  formed,  as  it, 
may  be  presumetl,  that  the  separation  of  the  former  \ 
and  the  production  of  the  latter  will  depend  upon 
essentially  different  operations* 

Secretion,  in  the  same  manner  with  all  the  other  ! 
operations  of  the  animal  ceconomy,  may  be  considered 
as  consisting  in  a  vital  process,  operating  through  the 
intervention  of  certain  physical  powers  ;  those  whichj 
We  suppose  to  be  concenicd  in  secretion  are  both 
mechanical  and  chemical ;  the  mechanical  means  em- 


simply  defines  fiecretlon  to  be  **  ea  corporis  aniroati  functio,  qut  j 
de  commani  sanguinis  masna  ;  alit»  et  a  sanguine  diversi^  et  a  »e . 
ipsis  varii,  htimores  ea  lege  paranlur,  ut  in  qualibet  ejus  cor« 
poris  particula  idem  constanter  hufnor  generetur.**    EK  Ptiyi** 
vit*  1.1.     It  may  be  objected  to  this  definition,  thai  the  laflef^ 
clause  prevents  our  admitting  those  Tarietiea  of  action,  which] 
uot  unfrequently  take  place  in  the  same  organ,  in  consequ 
of  ditfcrent  circumstances,  both  external  and  internal,     CuU^*l 
section  on  secretion  in  his  *<  Institutions/'  §  275. .  285*  besider] 
Its  otlier  merits,  is  valuable  as  showing  into  how  small  a  com*] 
pass  what  was  really  known  respecting  this  function,  at  ihit*] 
period,  might  be  comprised. 
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ployed  are  usually  conceived  to  be  something' ana- 
logous to  filtration  or  transudation ,  where  a  portion 
of  a  compound  is  separated  from  the  remainder,  in 
consequence  of  the  minuteness  of  its  particles  cnabUng 
it  to  pass  through  orifices  or  pores,  which  will  not 
allow  of  the  larger  particles  being  transmitted.  It 
is  not,  however,  impossible,  that  a  substance  which 
previously  existed  in  the  blood,  may  be  separated  by 
a  chemical  operation,  although,  in  this  case,  we  may 
generally  suspect  that  the  substance  separated  will 
have  its  constitution  altered.  In  the  case  of  those 
substances  which  are  actually  formed,  not  having 
previously  existed  in  the  blood,  it  is  extremely  pro- 
bable, although  not  absolutely  necessary,  that  some-* 
thing  more  than  a  mere  mechanical  operation  must 
have  taken  place ;  and  when  a  new  cliemical  compound 
is  formed,  we  may  reasonably  infer,  that  it  must  have 
been  produced  by  the  intervention  of  a  chemical  agent* 
These  agents  may  be  of  two  kinds;  they  may  be 
either  extraneous  bodies  introduced  into  the  blood,  and 
acting  upon  some  of  its  elements,  or  they  may  consist 
of  some  of  the  constituents  of  the  blood  acting  upon 
the  other  parts  of  this  fluid.  We  shall  find,  in  our 
examination  of  the  different  secretions,  that  it  is 
often  very  difficult  to  ascertain,  in  which  of  these  two 
operations  the  substance  in  question  may  originate, 
or  what  is  the  exact  nature  of  the  action,  even  where 
w^e  have  reason  to  conceive  that  we  know  to  what 
class  of  operations  it  should  be  referred.  It  may  be 
assumed  as  a  general  principle,  that  those  secretions 
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which  are  formed  hy  mere  transudation  are  produced 
by  a  much  more  simple  apparatus  than  those  of  the 
other  class ;  and,  indeed,  in  the  greatest  number  of  j 
cases^  we  are  not  aware  of  the  existence  of  any  ap 
propriate  structure.  Hence  it  follows  that  the  secret] 
tory  organs  which  possess  a  complicated  fabric,  belong 
almost  exclusively  to  that  class  where  the  substance 
did  not  previously  exist  in  the  blood,  but  is  actualljf 
generated  hy  the  process  of  secretion.  ^1 

In  those  cases  where  we  have  an  organ  possessingf 
what  is  considered  as  the  most  perfect  structure,  of 
one  which  consists  of  the  greatest  variety  of  distinct 
parts,  we  find  a  body,  which  is  more  or  less  of  a 
rounded  form,  and  has  hence  obtained  the  name  of  ' 
gland.  When  we  examine  the  intimate  structure  of 
glands,  they  appear  to  be  composed  of  a  number  of  j 
small  arteries,  which  ramify  in  various  directions 
through  a  mass  of  cellular  texture*  A  part  of  the 
blood  is  returned  by  corresponding  veins,  but  we 
also  find  another  set  of  vessels,  containing  the 
secreted  substance,  which  generally  unite  into  one 
or  more  excretory  ducts.  The  gland  usuaHj  con- 
sists of  a  number  of  rounded  bodies,  which  may 
be  detached  from  each  other,  and  compose  what  are 
termed  lobes ;  these  are  again  divdsible  into  smaller 
and  smaller  lobes,  until  we  at  length  arrive  at  the 
smallest  parts  into  which  it  is  i>ossible  to  subdivide 
thera,  which  have  obtained  the  name  of  acini.  Tht 
glands  are  also  provided  with  nerves,  but  it  is  a 
question  which  mil  be  discussed  hereafter,  how  fiur 
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the  nervous  influence  is  essential  to  secretion,  or  in 
what  way  it  operates/ 

There  is  considerable  obscurity  respecting  the  in- 
timate stmcture  of  glands,  and  particularly,  whether 
any  specific  organ  intervenes  between  the  secreting 
arteries  and  the  excretory  ducts,  Malpighi,  who  was 
one  of  the  first  anatomists  that  attended  to  the 
minute  structure  of  glands,  supposed  that  there  was, 
in  all  cases,  a  cavity  or  follicle,  as  it  was  termed, 
which  was  the  immediate  organ  of  secretion,  Ruysch, 
on  die  contrary,  who  bestowed  much  care  on  the 
investigation  of  this  point,  and  ivho  particularly  ex- 
celled iu  the  art  of  injecting  minute  vessels,  conceived 
that  he  had  disproved  the  doctrine  of  Malpighi,  and 
concluded  that  there  is  no  intervening  organ,  but 

3  For  aa  account  of  the  structure,  of  glands,  I  may  select  tlie 
following  authors,  aa  those  who  have  given  a  summary  of  the 
more  modern  discoveries  and  opinions;  Cheseldeo,  Anatomy, 
p.  146,  7  i  Winslow,  Anat.  sect.  10.  §575*  et  scq. ;  Boerhaave, 
Prxlect*  1. 11.  §  2^0.  et  seq. ;  his  account  is  more  physiological 
than  anatomical ;  Haller,  El.  Phys.  vii*  2. ;  Sabatier,  Anat  t»  liL 
p.  342.  et  seq. ;  Dumas^  Physiol,  t.  ii.  p.  20,  1 ;  Bichat's  section, 
**  systeme  gtanduleux,'*  Anat.  Gen,  t.  il.  p.  598.  et  seq*  contains 
much  that  is  ingenious,  but  as  usual,  in  some  parts,  is  hypothe- 
tical, and  the  expressions  ohscuro  and  mystical ;  Blumenbach, 
Inst  Phys.  §  468.  el  seq, ;  Monro  (3*.),  Elem.  v.  ii,  c,  3. ;  the 
article  "  gland,'*  in  Rees's  Cyclop,,  may  be  perused  with  advan- 
tage. Kuck's  elaborate  treatise  entitled  *'  Adenologia,"  being 
especially  intended  to  illustrate  the  structure  of  the  lymphaiic 
gbnds,  will  be  more  properly  considered  in  a  subsequent  chap- 
ter ;  I  may,  however,  remark  in  this  place,  that  he  commences 
by  giving  us  a  list  of  all  the  proper  secretory  glands,  which  are 
found  in  the  body,  amounting  to  5S  dilferent  sets^  or  attached 
to  as  many  dlAcreut  organs. 


^  Description  of  the 

that  the  artery  immediately  terminates  lu  the  duct, 
80  as  to  show  that  the  operation  of  secretion  mu^fcj 
take  place  in  the  artery  itself.     It  is  upon  the  whole 
prohablc  that  neither  of  the  opinions  is  absolutely 
correct,  hut  that   different  glands  possess  different] 
Btructiures  in  this  respect,  and  that  upon  the  presence 
or  absence  of  the  follicle,  a  part  of  the  specific  effect  i 
produced  by  the  different  glauds  may  depend.* 

4  This  controversy  occypied  the  attention  of  the  most  leamedj 
anatomists  and  physiologists  during  the  latter  part  of  the  17tlt, 
and  the  commeticement  of  the  ISth  centuries.     Malpighi  seems  I 
to  have  first  published  his  opinion  in  the  year  1665 ;  it  was  J 
pretty  generally  adopted^  until  Ruysch  called  it  in  question  io  { 
]696.     Malpighi  is  admitted  to  have   been  one  of  the  most  ^ 
learned  and  correct  anatomists  of  his  age,  and  particularly  ex* 
celled   in  the  inTestigation  of  the  minute  structure  of  parts- 
Haller  thus  describes   Ri]y:ich;   **  eui  neqi^e  ingenti  velocitate  | 
Tdde  eminuit,  neque  assiduitati  Icgendf,  aut  erudiiione,  frequen- 
tiuima  tamen   cadaverum  consuetudinei    et   opportunifate  ad  1 
consulendam  naturam,  ct  dissectionibus  pene  per  totos  ocU- 
gtnta   annos   continuatis,   et  artifice  eiiam   maou,    plerumque 
mortales   superavit^    eoque    mnjorem   auctoritatera    sibt    conn^ 
paravit,  quod  ab  hypothesi    alienior,  parum  ultra  ea  doceret, 
quae  viderat."    EL  Phys.  vii*  2.  8*      We    have   a    very   full 
detail    of  the  successive    steps    of  the   discussion  in  the   EL 
Phyt.  vii.  2«6. .  14;   Haller  entitles  the  last  of  these  sections,  ' 
"  causa  Ruysch ian a  vincit."     Sec  also  Boerhaave,  Priel^  §  2i7f  ^ 
257-  cum  notis.     Tliose   who  are  disposed  to  consult  Malpfghl  ( 
and  Ruysch  in  the  original,  may  find  a  detail  of  their  opinion!  i 
and  discoveries  in  Malpighi,  Exerc*  de  Struct*  Vtscer.  cap.  2,  S**l 
containing  an  account  of  the  liver ;  Eptst.  ad  Reg.  Soc.  Loud*  I 
de  Struct*  Gland,  written   in    1688^  and  in  Op.  post*  p.  101.*1 
Ruysch's  account  of  his  opinions  is  contained  in  his  Epistle  to  1 
Boerhaave  de  Fab.  Glantl-    He  informs  us*  p,  65 f  that  at  a  very  i 
early  period  of  his  life  he  examined  the  structure  of  the  tncsen* 
teric  glaads  by  means  of  line  tubes,  that  were  inade  by  Mosschcn- 
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It  is  necessary  to  remark,  that  it ,  is  coiripara- 
lively  in  but  a  few  instances,  that  we  meet  with 
a  complete  glandular  apparatus ;  in  some  cases 
the  proper  glandular  structure  appears  to  be  al- 
together wanting ;  iu  some  we  liavc  a  pouch,  or 
cavity,  in  which  the  secretion  is  lodged,  being  with 

broek,  through  which  he  inHnted  them  with  air  from  iha  lactcals, 
ill  p*  81,  we  have  a  small  plaiy  of  the  mesenteric  vessels  and 
the  connected  glands,  eoaiposed  of  their  miautc  terminations. 
For  the  particular  illmiiraiions  which  he  gives  of  his  opinions ; 
£ce  EpisL  probl,  1-  ad  Camptlomercum,  de  Jienc,  p.  6 ;  HpiBt. 
probl.  ad  Grcetz,  de  mam.  struct.  Sec*  p.?  ;  Adver,  Anal.  dec.  1. 
§4.  p,  13;  Thes.  Anat.  6.  No.  3.  noL  2.  p.  18.  on  the  small 
glaads  of  the  nose;  No.  33.  not.  J.  p.  28.  on  the  glands  of  the 
stomach;  No.  73.  p.  38.  on  the  cortical  substance  of  the  brain; 
Thes*  Anat  8.  No.  34^.  p.  13»  4.  in  describing  the  vessels  of  the 
placenta,  lie  takes  occasion  to  state  his  sentiments  respecting 
the  structure  of  glands  generally  ;  Thes,  Anat  10.  No.  61.  p,  14-, 
on  the  mesenteric  glands;  Thes.  Anat.  max.  No.  llBj  9.  p*  17, 
8,  on  the  glands  of  the  mesentery  and  stomach.  Boerhaavc's 
£pistJe  to  Ruysch,  in  answer  to  tiic  one  referred  to  above,  is  a 
very  interesting  specimen  of  the  learning  and  candour  of  the 
writer.  In  p.  36.  he  acknowledges  his  conviction  of  the  force 
of  Ruysch*s  reasoniog.  "  Fateor,"  he  says,  '*  hoc  tarn  forte 
mihi  vidcri^  ut  fere  nesciam,  an  effugere  quis  posstt  vim  hujus 
argument!.*'  He  refers  to  an  experiment  in  which  an  injection 
had  been  passed  directly  from  the  vena  porta;  into  the  pori 
hepatici,  witkout  passing  through  any  intervening  follicle. 
Again,  ia  p.  37|  he  observes,  •'  Ars  itaque  tua  certo  nos  docct, 
in  myitis,  forte  et  in  omriibus,  corporis  humani  partibus  ita  din- 
poni  extremas  canales  ortas  ab  artcriis  sanguiferisj  ut  directe, 
absque  interposita  gland ulosa  machina,  desinunt  in  apertos 
meatus  &c"  We  have  a  perspicuous  account  of  this  controversy 
io  Bell's  Aoat.  v.  iv.  p.  16.  et  seq. 
VOL.    II.  Y 
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or  wi  til  out  an  excretory  duct;  while,  in  other  ii 
stances,  there  would  seem  to  be  neither  the  cavitjj 
nor  the  excretory  duct,  but  where  the  secreted  sul 
stance  is  simply  poured  out  upon  the  surface  of 
membrane,  whence  it  is  removed  without  auy  specif 
apparatus.^  There  are  likewise  many  examplei^l 
where  a  substance  that  did  not  previously  exist  in 
the  blood  is  separated  from  it,  and  conveyed  to  its 
appropriate  destination,  but  where  we  can  perceive 
neither  the  organ  by  which  it  is  produced*  nor  that 
by  which  it  is  afterwards  deposited.  It  is  also  to  be 
observed  that  in  those  cases  where  we  are  able  to 
detect  the  secretory  apparatus,  its  magnitude  and 
structure,  so  for  as  we  can  judge,  bear  uo  relation  to 
the  change  which  is  produced  upou  the  matter  sc* 
creted ;  we  observe,  for  example,  a  substance,  which 
apparently  differs  but  little  from  the  blood  or  any  of 
its  constituents^  to  be  formed  by  a  very  complicated 
organ,  while  an  organ,  apparently  of  the  most  simple 
kind,  is  employed  iu  producing  a  body  of  totally  new 
properties. 

Glands  havB  been  arranged  in  various  ways,  ac 
cording  to  their  anatomical  structure,  and  their  suj)- 
posed  physiological  uses;  but  it  may  be  doubted 
whether  any  real  advantage  has  accrued  from  these 
arrangements,  or  whether  tliere  can  be  said  to  be  itiy 
natural  foundation  for  them.    Thus  the  tlivi&ion  of 

>  Dr.  Young  cntimerates  the  following  among  the  dlflrfriTt 
ilnicturet  that  are  employed  in  secretion ;  exhalent  vewc!?, 
tubular  gfanik,  conf;lomerated  glands,  follicles,  pores,  parcnchj* 

malous  gUintU;  Med*  Lit,  p.  JlO. 
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glands  into  conglobate  and  conglomerat*?,^  which 
was  generalty  adopted  by  the  older  writers,  the 
former  consisting  of  only  one  lobe,  the  latter  of  a 
ntuiibcr  of  lobes,  connected  together  by  cellular  sub- 
stance, it  would  be  difficult  in  many  cases  to  adhere 
to*  and  would  lead  to  no  practical  advantage.  And 
the  same  observation  may  be  made  upon  the  division 
of  glands  into  secretory  and  excretory,  the  former 
producing  a  substance  which  serves  some  immediate 
useful  purpose  in  the  system,  while  the  object  of  the 
latter  is  to  separate  something  from  the  blood  which 
is  useless  or  noxious,  and  is  accordingly  rejected  as 
soon  as  it  is  formed.  For  though  there  arc  various 
bodies  which  are  obviously  intended  for  the  first  of 
these  objects,  and  there  are  some  which  appear  almost 
certainly  to  be  confined  to  the  latter,  yet  there  are 
many  which  it  is  difficult  to  say  in  which  division 
they  ought  to  be  placed,  and  some,  perhaps,  have  an 
equal  claim  to  either  class,  beiug,  in  the  first  in- 
stance, secreted  from  the  blood  as  injurious  to  the 
system,  and  yet  after  their  separation,  and  before 
they  are  finally  discharged,  serving  some  usefid  pur- 
pose. Probably  the  separation  of  carbon  from  the 
blood  in  the  lungs  may  be  a  case  of  this    double 

*  The  division  of  glands  into  conglomerate  and  conglobate 
appears  to  have  been  mode  by  Sylvius;  Dlsput,  Med.  3.  ^  25, 
€f  7*  Op.  p.  11  s  the  former  designating  the  more  compounded 
structure,  which  1%  found  in  certain  of  the  secreting  organs,  the 
more  simple  or  conglobate  glands  being  technically  restricted 
to  those  which  are  connected  with  the  lymphatic  »ytlem<  See 
Hallcr  El.  Phys.  ii.  $.  16  ;  vii.  9,  2. 
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action,  where  the  excess  of  carbon  in  the  system  is 
positively  noxious,  at  the  same  time  that  the  process 
of  separation  may  be  so  coiiductedi  as  to  act  in  a  very 
important  manner  npon  the  animal  occonomy.  Upon 
the  whole  then,  it  will  appear,  that  there  is  no  ar- 
rangement of  the  glaucls  which  can  be  of  any  con- 
siderable use  in  explaining  the  mode  of  their  action, 
or  in  throwing  any  light  upon  the  nature  of  the 
lubstances  which  they  produce. 

We  shall  probably  find  it  almost  as  difficult  to 
make  any  aiTangements  of  the  secretions  themselves 
as  the  organs  which  produce  them ;  yet  before  we 
proceed  to  consider  the  properties  of  so  numerous  a 
class  of  substances,  it  would  be  very  convenient  to  be 
able  to  dispose  them  into  groups  or  classes,  the  indi* 
viduals  composing  each  of  which  might  bear  some 
relation  or  have  some  reference  to  each  other.  One 
of  the  oldest  arrangements  of  the  secretions  was  into 
recreraentitious  and  cxcremcntitious,  a  division  which 
corresponded  to  the  secretory  and  excretory  glands 
respectively,  and  of  course  liable  to  the  same  objec- 
tions^ besides  its  being  neither  sufficiently  compre- 
hensive nor  sufficiently  minute  to  be  of  any  real 
utility.  As  tlic  knowledge  of  physiological  science 
advanced,  other  classifications  were  proposed,  con* 
structcd  upon  more  technical  or  scientific  principles, 
generally  referable  cither  to  the  supposed  chemical 
or  mechanical  properties  of  the  substances,  according 
to  the  tenets  of  those  by  whom  they  were  respectively 
advanced.  Ilallcr  adopted  the  chemical  method,  and 
classed  the  secretions  under  the  four  heads  of  aqueous, 
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mucous,  gelatinous,  and  oily/  a  classification  obvi- 
ously too  general  to  throw  much  light  upon  the 
nature  of  the  substances  concenied,  Fourcroy  also 
employed  the  chemical  method,  and  made  the  more 
elaborate  arrangement  of  the  secretions  into  the  eight 
classes  of  hydrogenated,  oxygenated,  carbonated, 
azotated^  acid,  saline,  phosphated,  and  mixed.®  But 
although  this  arrangement  was  more  scientific  than 
any  which  had  preceded  it,  and,  in  some  measure, 
corresponded  with  the  improved  state  of  modem 
chemistry,  it  may  be  questioned  whether  it  was  not 
rather  formed  upon  theoretical  principles,  than  upon 
the  actual  nature  of  the  substances  conccmed. 

Before  I  attempt  to  form  a  new  arrangement,  there 
is  a  question  to  which  I  have  already  alluded,  and 
upon  which  it  will  be  necessary  to  decide,  whether 
we  arc  to  consider  those  substances  as  secretions, 
which  appear  to  exist  ready  formed  in  the  blood,  and 
which  are  separated  from  it,  as  far  as  we  can  per- 
ceive, without  any  appropriate  or  specific  apparatus, 
such  for  example  as  the  muscular  fibre,  This  sub- 
stance in  all  its  chemical,  and  we  may  perhaps  add, 
its  mechanical  properties,  resembles  the  fibrinc  of  the 
blood,  and  we  cannot  doubt  that  the  fibrine  is,  by 

7  El,  Phys.  vii,  1.2. 

^  Syfiteoi,  V.  ix«  p.  159.  lUchcrand  gives  us  a  difTercnt  arrange* 

nieiit  ai  the  one  proposed  by  Fourcroy,  Physiol,  p»  2S5;  that  in 
tlte  text>  beiDg  taken  fro  in  his  great  systematic  work|  we  may 
regard  as  the  result  of  his  more  matured  reflection;  Ilicherand 
does  not  inform  U8  in  which  of  Fourcroy 's  worki  the  arrange* 
ment  is  contained  wliich  he  has  adopted. 
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some  tBcans,  separated  £rom  tlie  mass  of  bl(>Ofl»  atid 
deposited  in  the  situation  io  which  we  find  it  to  exist, 
t  as  a  constituent  of  the  muscles ;  yet  we  are  alto* 
[gether  unahle  to  trace  the  iotermediato  steps  of  the 
operation.  Tlie  same  kind  of  remark  nearly  applies 
to  some  of  the  fluids,  especially  those  which  are  the 
result  of  morbid  action.  The  various  dropsical  fluids, 
for  instance,  seem  to  have  the  same  constitution  with 
the  scrum,  except  in  the  proportion  of  water  which 
they  coutaiui  and  it  would  appear  that  they  are 
separated  from  the  blood  by  mere  transudation 
through  a  membrane,  a  process  analogous,  or  very 
similar  to  filtration ,  Upon  the  whole,  I  conceive  it 
will  be  more  convenient  to  regard  all  these  substances 
$m  secretions^  whatever  may  be  their  relation  to  the 
blood  or  to  any  of  its  constituents,  and  whatever  we 
may  conceive  to  have  been  the  mode  of  their  for- 
mation. 

Another  question  of  a  nature  not  very  diflPerent 
from  the  above,  inspects  certain  substances,  which  are 
found  botli  in  the  blood  and  in  some  of  the  secretions, 
but  concerning  the  origin  of  which  there  is  great 
uncertainty,  whether  they  are  originally  received  into 
the  stomach  along  with  the  aliment,  and  pass  into 
the  digestive  organs  without  undergoing  any  change^ 
whence  they  are  taken  into  the  blood  and  again 
separated  from  it,  still,  without  any  alteration;  or  whe* 
tber  there  l>e  a  provision  made  for  tlicir  formation  in 
some  part  of  the  system.  The  doubt  that  arises  on 
this  i^oint,  depends  principally  upon  the  difficulty 
which  we  have  in  conceiving  of  any  way  by  which 
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they  could  be  produeed  from  the  elements  that  enter 
into  the  composition  of  the  blood,  as  unless  we  admit 
of  the  operation  or  existence  of  new  affinities,  or 
affinities  totally  different  from  those  which  we  ob- 
terve  in  any  other  natural  objects,  we  cannot  sup^ 
pose  them  to  be  actually  generated  in  the  system ; 
at  the  same  time  there  are  perhaps  equal,  or  even 
greater  difficnlties,  in  the  supposition  that  they  are 
introduced  into  the  system  ab  extra.  This  question 
wUl  more  particularly  tall  under  our  consideration  iu 
the  following  gection,  where  the  evidence  will  be 
examined  on  which  each  opiuiou  rests ;  at  present  I 
shall  only  remark,  that  it  ap]>ears  more  convenient 
to  consider  all  tliese  substances  as  secretions,  because 
iu  whatever  manner  they  may  be  introduced  into  the 
blood,  we  find  that  they  actually  exist  there,  and  are 
probably  removed  from  it  by  the  secretory  organs. 

I  think  tliere  can  be  little  doubt*  that  the  only 
method  of  arranging  the  secretions,  which  can  be  of 
any  use  in  giving  ns  an  insight  into  their  nature, 
and  the  relation-  which  they  bear  to  the  blood,  must 
be  founded  upon  their  chemical  composition ;  and 
although  from  our  imperfect  knowledge  on  this  sub- 
ject, such  a  mode  of  classification  must  be  likewise 
necessarily  imperfect,  yet  as  there  is  no  mode  of 
arrangement  to  which  a  similar  objection  might  not 
be  urged,  I  shall  not  hesitate  to  make  the  attempt. 

But  there  are  certain  technical  difficnlties  wliich 
meet  us  at  the  outset.  The  secretions  many  of  them 
consist  of  substances  composed  of  a  number  of  ingre- 
4i^nts»  possessed  of  tliffercnt  properties,  where  it  may 
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not  be  easy  to  decide  wliicb  ingredient  predominates, 
or  gives  its  peculiar  qualities  to  the  compound.     We* 
sball  also  find  tlmt  if  we  examine  a  series  of  secreted 
fluids,  we  shall  perceive  that  they  all  closely  resemble 
each  other  iu  what  may  be   termed   their   specific 
properties,  yet  that  those  at  each  extremity  of  tlie ' 
series  may  so  far  differ  from  that  which  was  adopted' 
as  the  standard  or  type  of  the  rest,  that  the  resem^ 
blance  may  be  more  nominal  than  real,  and  the  dif-  | 
ferenee  may  at  length  proceed  so  far,  that  tliey  may  ^ 
even  bear  a  nearer  resemblance  to  some  other  dass^ 
than  to  that  in  which  they  are   placed.     Another! 
circumstance,   which  causes  considerable  embarrass* 
ment  in  a  chemical  arrangement  of  the  seerctious,  i%'j 
that  the  same  gland,  in  different  states  of  the  syst 
produces  substances  of  a  very  different  nature,  and] 
when  the  affection   amounts  to  the  degree  wfaicli 
constitutes  disease,  entirely  new  substances  are  fre* 
quently  formed,   unlike  any  thing  which  previously 
existed,  and  which,  although  they  must  be  regarded) 
as  altogetlier  morbid  effects,  yet  they  are  strictly 
entitled  to  the  appellation  of  secretions,  and  whiclt] 
indeed,  had  we  a  complete  knowledge  of  the  subject, 
would  form  the  most  interesting  object  of  our  inves^J 
tig.ttiou,   by  making  us  acquainted  with  the  naturo] 
of  the  morbid  action   which  had  taken  place,  and] 
even  the  amount  of  the  deviation  from  tlic  standardj 
of  health.    This,  however,  in  the  present  state  of  oufj 
knowledge,  we  arc  quite  imable  to  accomplish,     Ii 
order  to  take  a  complete  view  of  the  subject,  it  won 
be  necessary  to  examioc  the  secretions  iu  all  their' 
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various  states,  to  mark  the  gradations  from  the 
healthy  to  the  morbid  condition,  and  to  observe  what 
new  characters  were  assumed  in  each  of  them. 

Taking  into  account  all  these  circumstances,  and 
bearing  in  mind  that  the  present  state  of  our  know- 
ledge is  confessedly  imperfect,  it  will  be  sufficiently 
evident,  that  any  arrangement  which  I  can  propose 
must  he  necessarily  incomplete ;  but  I  am  not,  on 
that  account,  deterred  from  making  the  attempt, 
because,  if  the  method  itself  be  fundamentally  correct, 
even  an  imperfect  view  of  it  will  he  useful,  by  teach- 
ing us  wliat  parts  require  farther  elucidations,  and 
instructing  us  in  the  best  method  of  accomplishing  it 
The  classes  into  which  I  propose  to  arrange  the 
secretions,  are  the  eight  following ;  the  aqueous,  the 
albiiminous,  the  mucous,  the  gelatinous,  the  fibrinous, 
the  oleaginous,  the  resinous,  and  the  saline.^ 

9  I  sliall  insert  la  this  place  the  arrangements  of  the  secretions 
that  !iave  been  proposed  by  some  of  tlie  most  emment  of  the 
modern  pliysiologiats.  Sabatier  and  Boyer,  with  most  of  the 
French  analomistSj  adopt  the  division  of  the  secretions  into  rccre- 
mentuious  and  excremcntitious,  to  which  they  generally  add  an 
intermediate  class,  Boyer  places  the  following  among  the  re- 
crement! t  ions  humoursi  as  he  styles  them  ;  blood,  lymph,  jelly, 
fibrons  matter,  fat,  marrow,  matter  of  internal  perspiration 
(serous  transudation),  and  the  bony  juice  ;  among  the  cxcremen- 
litious,  the  matter  of  insensible  perspiration,  sweat,  discharge 
from  the  nose,  ears,  and  eyes ;  and  in  the  third  or  intermediate 
clas8»  tears,  saliva,  milk,  bile,  pancreatic  juice,  and  semen ; 
Anat-  t,  i*  p.  8,  9.  Magendie  divides  them  into  exhalations, 
follicular  secretions,  and  glandular  secretions,  but  he  candidly 
acknowledges  the  imperfection  of  his  method;  each  of  the 
clossea  is  subdivided  into  aumerous  species  i    Fhysiol.  t*  ii« 
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§  2-  Account  of  the  Secretions. 
The  first  class  of  secretioBs,  the  aqueous,  are  those 
that  consist  almost  entirely  of  water,  where  the  pro- 
perties of  the  substance  depend  upon  its  watery  part, or 
when  any  other  ingredient  which  it  may  contain  is  in 

[ jp*  343'  et  seq.  Plenk  divides  the  humours  of  the  body  ioto 
crude,  saDguine,  lymphatic,  secreted,  and  excremeatitlous ;  the 
''Vecreted  fluids  be  arranges  under  the  heads  of  milky,  waterji 
mucoui,  albuminous,  oily,  and  hillous ;  Hydrol.  p.  31 ,  2*  Ricli- 
^raiid  arranges  them  into  the  six.  classes  of  salinCi  oUy,  saponin 
peous,  mucouSi  a!humiuous»  and  fibrinous ;  PhysioL  §  88.  p»  28Sa 
Blumenbacft  makes  the  following  cla&siEcatioii ;  tuilki  llie  e^uQ' 
ous  fluids,  the  ^olivary,  the  mucous,  theadipose*  and  the  serooi, 
Ivhile  the  semen  and  the  bile  are  supposed  to  be  substances  &ui 
generis ;  Inst-  Phya.  §467.  Berzeliui  adopts  the  old  divistoQ 
joto  secretions  and  eKoretions,  a  dirision  which  u  lauoded 
rather  upon  the  final  cause  of  their  formatioui  than  upoo  their 
properties,  or  the  mode  of  their  production  ;  he  remarks,  how* 
ever,  that  the  secretions  are  all  alkaline,  while  the  excretions  are 
acidp  a  remark  which,  I  conceive,  will  scarcely  be  found  16 
{Apply  io  all  cases ;  Med.  Chir.  Tr«  v»  3.  p,  231*  Dumas  clwMi 
the  secretions  in  four  divisiomi  according  to  the  more  or  led 
pimple  structure  of  the  organs  which  produce  tliera  ;  thoMt 
that  are  formed  without  any  specihc  organ,  by  tlie  most  simpio 
organ*  by  a  gland,  and  by  the  complete  secretory  apparatus; 
Fhjsioh  t.  ii.  p.  15.  ,8.  Dr.  Young  arranges  the  secreted  doidi 
into  tt&e  classes  of  aqueous,  urinary,  milky^  atbumiuous,  niucoili» 
unctuous,  and  sebaceous  ;  ^Icd,  Lit,  p.  109, 

The  writer  of  the  article  •'  Anatomy  "  in  Brewster's  Encyclo* 
pedia»  has  drawn  up  the  following  arrangement  of  the  fiecretiog 
and  excretiog  organs,  with  the  fluids  which  they  producOi 
which  is  valuable  as  pointing  out  tlie  relation  which  esisH 
[j^tween  them.  They  are  first  divided  into  Secreting  surfiicei 
^d  secreting  organs*    Of  the  surfaces  we  hive  three  div|jfciottf ; 
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too  Binall  a  quantity  to  give  it  any  specific  characters. 
The  only  two  secretions  which  frill  under  tliis  class, 
arc  the  cutaneous  perBpiration  and  tlie  aqueous  exha- 
lation from  the  lungB.  Of  the  cutaneous  perspiration 
I  have  already  given  some  account  in  tlie  two  last 
chapters,  where  I  have  stated,  that  under  ordinary 
circumstances,  a  portion  of  water  is  exlialed  from  the 

I.  Those  which  separate  maUers  already  formed  in  the  blooi!, 
yi3.  the  serous,  producing  serum  or  coagulablc  lymph,  and  the 
cellulati  producing  serum  and  fat  ;  9*  Those  which  separate 
from  the  hlood  matters  that  are  little  changed,  viz,  synovial 
membranes,  foriumg  synovia  and  mucous  iiiembranes,  forming 
mucus ;  3.  Excreting  surtace,  viz.  the  skin,  giviog  out  the 
matter  of  perspiration.  Tlie  secreting  glands  are  arranged 
under  the  four  heads  of  such  as  are  attached  to  the  organs  of 
ietasatian,  those  of  digestion,  tliose  of  reproduction,  and  glands 
that  are  partly  secretory  and  partly  excretory.  Under  the  first 
head  we  liave  die  papillte  of  tlie  tonguci  which  secrete  a  watery 
fiuid|  the  cerumiuous  glands  which  secrete  the  ear  wax,  and  the 
lachrymal  which  secrete  the  tears.  Under  the  second  head  we 
have  the  parotid,  subni axillary,  and  sublingual  glands,  which 
•eerete  lahva,  the  pancreas,  which  secretes  its  peculiar  juice; 
lli6  splean,  to  which  no  secretion  is  assigned,  and  the  liver^ 
miuch  produces  the  bite.  Under  the  third  head  we  liave  the 
tettes^  prostate  gland,  and  the  niammce,  which  respectively 
secrete  the  seminal  fluid,  the  prostatic  fluid,  and  the  milL  ;  and 
under  the  fourth  head,  we  have  the  kidneys,  which  produce  the 
urine,  and  the  renal  glands,  which  produce  a  blackish  fluid  ; 
yoL  i«  p.  830,  I .  In  addition  to  the  eight  cla^^ses  of  secretions 
which  are  enumerated  above,  I  am  disposed  to  think  that  we 
might  with  propriety  admit  a  ninth  class  of  aeriform  fluids,  of 
which  the  air  in  the  swimming  bladder  of  fishes  may  be  atlduccd 
as  an  example;  upon  strictly  technical  principles,  the  air  of 
expiration  may  be  placed  in  the  same  division^  See  remarks  hjr 
Dr.  Baillie  ;  Works  by  Wardrop,  v.  i.  p.  69.  et  seq. 
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surface  of  the  body  in  the  form  of  an  invisible  vapoiif 
but  when  its  quantity  is  by  any  means  increased,  it 
assumes  the  state  of  a  fiuid,  and  is  collected  in  drops 
on  the  skin.  It  does  not  appear  that  its  chemical 
nature  is  different  in  these  two  states,  although  it  is 
not  very  easy  to  decide  absolutely  on  this  point,  in 
consequence  of  the  difficulty  of  obtaining  any  quan- 
tity of  it  when  in  the  state  of  vapour.  The  sensible 
perspiration  may  be  procured  in  suflBciently  large 
quantity,  and  has  been  examined  by  several  eminent 
chemists,  but  except  the  water,  it  seems  doubtful 
whether  any  of  the  ingredients  that  have  been  de* 
tected  in  it  arc  essential  to  its  nature.  It  appears 
probable  that  the  perspiration  differs  considerably 
according  to  the  states  of  the  system,  not  only  as 
affected  by  various  morbid  actions,  but  from  internal 
canses,  or  the  effect  of  intenial  agents  upon  it,  and 
there  is  likewise  reason  to  behcve,  that  it  may  be 
habitually  different  in  different  individuals.  Upon 
ail  these  points,  however,  it  must  be  confessed  that 
we  have  no  very  accmate  information,  as  the  atten- 
tion of  those  who  have  examined  this  substance  has 
been  almost  exchisively  confined  to  ascertain  its 
quantity,  and  the  pathological  effects  which  liave 
been  supposed  to  be  the  result  of  its  discharge  from 
the  system.  There  is,  however,  reason  to  supiKMJe, 
that  these  have  been  very  much  exaggerated,  and 
that  many  diseases  which  were  conceived  to  depend 
upon  the  suppression  of  the  cutaneous  perspiration, 
are  owing  to  an  entirely  different  cause,  of  which  the 
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pcciiliar  condition  of  the  skin  was  only  one  of  the 
effects  or  symptoms. 

There  are  inany  facts  that  appear  to  prove,  that 
the  skill  emits  a  pccnliar  odorous  matter,  by  means  of 
which  dogs,  and  other  aDimals  that  possci^s  a  deUcate 
scent,  are  enabled  to  detect  the  presence  of  other 
animals,  or  to  trac^  them  out  for  long  distances.  We 
have,  perhaps,  no  decisive  means  of  ascertaining 
whether  this  odorous  effluvium  depends  upon  the 
perspiration  itself,  or  upon  some  other  secretion 
which  is  mixed  with  it,  and  discharged  from  the 
body  along  with  the  perspirable  matter.  Upon  the 
whole,  however,  it  is  probable  that  they  arc  distinct 
substances,  that  the  proper  matter  of  perspiration  is 
produced  from  every  part  of  the  surface,  and  is  nearly 
or  altogether  without  odour,  while  there  are  certain 
parts  of  the  body  which  are  provided  with  glands, 
that  secrete  a  peculiar  or  specific  substance,  whicli 
composes  the  odoriferous  effluvium.  This  latter 
would  appear  to  be  of  an  oily  nature,  and  will  there- 
fore belong  to  a  different  class. 

The  perspirable  matter,  in  the  purest  state  in 
which  we  are  able  to  procure  it,  seems  to  have  been 
first  examined  by  Bcrthollet,'  and  afterwards  by 
Fourcroy,-  but  the  most  elaborate  analysis  is  that  of 
Thenard.  He  considers  it  to  be  essentially  acid, 
and  supposes  that  the  acid  is  the  acetic ;  it  contains 

*  Joum.  de  Pliys.  t.  xxviii.  p.  275* 

^  System,  v.  ix*  p*  280.  et  seq*  He  informs  us  that  Vauquelln 
and  he  discovered  urea  and  phosphate  of  lline  in  the  per^piratioQ 
of  horses,  p.  289- 
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an  appreciable  quantity  of  muriate  of  8oda,  and 
perhaps  of  potash,  with  traces  of  the  earthy  phos* 
phates,  and  of  oxide  of  iron  ;  there  also  appears  to 
be  a  very  minute  quantity  of  an  animal  matter® 
The  matter  of  perspiration  has  been  still  more  re- 
cently examined  by  Bcrzclius,  and  with  results  con* 
«iderably  different  from  Thenard*s,  He  indeed  sup- 
poses it  to  contain  a  free  acid,  but  this  he  conceifcs 
to  be  the  lactic,  accompanied  with  the  lactate  of  soda, 
together  with  tlie  muriates  of  potash  and  soda,  and 
a  minute  quantity  of  animal  matter  ;^  it  apj>earciT, 
indeed,  to  be  identical  with  the  substance  which 
Berxelius  had  announced  as  existing  in  the  serority 
of  the  blood,  and  many  other  of  the  animal  fluids. 

It  may  be  reasonably  doubted  whether  the  aqtieoui 
exhalation  from  the  lungs  should  be  considered  an  aa 
immediate  secretion  from  the  Wood.  I  have  alreadjr 
made  some  remarks  upon  its  origin,  and  have  stated 
that  I  conceive  it,  upon  the  whole,  more  probaWt 
that  It  proceeds  merely  from  the  aqueous  part  of  the 
mucus,  which  is  evaporated  from  the  surface  of  the 
pulmonary  vesicles,  than  that  it  is  a  distinct  or  sepa^ 
rate  secretion.  So  far  as  its  chemical  eonstitiltictt 
has  been  examined,  it  appears  to  be  the  same  witll 
the  cutaneous  transpiration,  and  to  consist  of  water, 
perhaps,  holding  in  solution  minute  portions  of  saUne 

*  Cliimie,  L  tti.  p*712. 

*  Thomson's  Ann.  v.  ii.  p.  il5  ;  Med.  Chir,  Tr.  ▼,  in.  p,  256, 
7 ;  Ann*  Chtm.  t.  Iixxix*  p.  ^.  See  iilso  Thomson's  Cheia- 
ir.  IV,  p*  5i7*  et  seq.. ;  Henry's  Elera*  t.  ii.  p.  iSi;  Ure's  Diet 
Art-  **  Sweat," 
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or  animal  matter,  but  wc  have  no  very  certain  in- 
formation respecting  either  tlieir  quantity  or  exact 
nature** 

The  secontl  class  of  secretion  s,  the  albuminous, 
constitute  a  very  nutiierous  and  important  Bcrieg  of 
substances,  some  of  which  are  in  the  solid,  and  others 
in  the  fluid  form.  All  the  membranous,  or  white 
parts  of  animals,  as  they  have  been  termed,  consist 
essentially  of  albumen,  which  appears,  from  the  expe- 
riments of  j\[r.  Hatchett,  to  differ  from  the  albumea 
of  the  blood  only  in  being  detached  trom  the  greatest 
part  of  the  extraneous  matter  with  which  it  was 
united,  and  in  being  in  a  coagulated  state.*  Wt 
have  also  a  considerable  number  of  fluid  albuminous 
secretions ;  the  surfaces  of  all  the  close  cavities  of  the 
body,  such  as  the  thorax,  the  abdomen,  the  peri- 
cardium, the  ventricles  of  the  brain,  and  even  the 
interstices  of  the  cellular  substance,  arc  continually 
secreting  a  fluid,  which  seems  to  diflPer  trom  the 
serum  of  the  blood  principally  in  containing  a  much 
smaller  quantity  of  albumen*  There  are  many  moiv 
bid  conditions  of  the  body,  in  which  these  fluids 
become  proeternaturally  increased  in  quantity,  some- 
times to  a  great  extent,  so  that  we  have  an  oppor- 

5  We  are  informed  by  M»  Magendie,  in  his  Mem.  on  Trans- 
piration^  that  M.Chausfiier  has  proved  that  the  vapour  from  the 
lungs  contains  a  quantity  of  animal  matter^  by  keeping  a  portion 
of  it  in  a  close  vessel  exposed  to  an  elevated  temperature  ;  upon 
opening  the  vessel  a  very  evident  putrid  odour  was  exhaled  from 
it;  p.  16. 

«  Phil,  Trans,  for  1800,  p,  S09.  et  alibi.  See  vol  I  of  this 
treatise;  p,  43.  et  seq. 
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txmity  of  cxaminiDg  tlicm  with  great  accuracy.  Many 
chemists,  both  on  the  continent,  and  in  this  country, 
have  appHecl  themselves  to  this  investigation,  and  it 
is  dearly  ascertained,  that  they  consist  of  a  ojrtaiu 
quantity  of  alburaeD,  which  may  be  regarded  as  \vhat 
gives  them  their  essential  character,  of  another  animal 
matter  similar  to  that  found  in  the  serosity  of  the 
blood,  and  of  the  same  neutral  and  earthy  salts  which 
we  find  in  that  fluid.  It  would  appear  that  the  salts 
and  the  additional  animal  matter  are  nearly  in  the 
same  proportion  in  all  cases,  while  the  proportion  of 
the  albumen  is  varied  from  a  quantity  nearly  equal  to 
that  in  the  serum  of  the  blood,  to  one  almost  too 
small  to  be  recognised  even  by  the  most  dcUcatc 
tests.'  This»  therefore,  affords  an  instance  of  that 
inconsistency,  to  which  all  attempts  at  arrangement 
are  liable,  where  we  place  a  secretion  in  the  class  of 
albuminous,  although  the  smallest  quantity  only  of 
albumen  enters  into  its  composition. 

The  morbid  albuminous  fluids,  which  we  have 
the  most  frequent  opportunities  of  examining,  are 
those  from  the  abdoraen,  from  the  ventricles  of  the 
brain,  from  the  pericardium,  from  the  cavity  of  the 
spine,  from  that  of  the  testicle,  and  from  the  cellular 
texture  generally.®    As  a  general  rule,  the  fluid  from 

7  BerzcHus,  Ann.  PliiL  v.  il.  p.  5B4,  5,  and  Med.  Cbtr.  Tf^H 
V.  lii,  p.  251.  et  seq. ;  Henry *s  Elctn.  v*  iL  p.  431, 2 ;  Thomsoii?™ 
Chem.  V.  iv.  p.  528 ;  Thenard,  Traite,  i,  iii.  p,  G8S,  ♦•  p-  686*  7 ; 
Magendle,  Physio],  t,  ii.  p.  344.  .6. 

'  Marcet,  ia  Med.  Cliir.  Tr.  v.  ii.  p,  340,  et  seq*;  Boitocki  in 
ditto.  V.  iv.  p.  55*  et  &eq. 
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the  cavity  of  the  abdomen  contains  the  greatest 
proportion  of  albumen^  and  that  from  the  brain^  the 
least,  but  there  are  many  exceptions  to  it/^  We 
also  find  that  tlie  fluid  from  the  same  part  contains 
more  or  less  of  the  auimal  matter  according  to  the 
states  of  the  constitution,  the  rapidity  with  which 
the  deposition  of  matter  is  made,  the  length  of  time 
in  which  the  fluid  has  remained  in  the  cavity,  and 
probably  from  other  circumstances ;  but  I  do  not  find 
that  we  are  able  to  lay  down  any  general  principles 
which  arc  applicable  in  all  cases.  By  comparing  to- 
getlier  a  considerable  number  of  experiments,  which 
I  have  performed  at  different  times  on  fluids  of  this 
description,  I  have  been  led  to  conceive,  that  the 
variation  in  the  quantity  of  the  albumen  is  much 
greater  than  of  the  other  ingredients,  so  that  whilq 
in  certain  of  these  fluids,  as  for  example,  in  that  of 

■■to  In  a  very  remarkable  case  of  chronic  hydrocephftlus,  which 
occurred  lately  in  Gyy*s  Hospital,  the  Huid  was  not  only  ii^ 
extraordinary  t|yaniayt  but  contained  an  unusually  large  pro- 
portion of  solid  contents.  I  examined  a  portion  of  it^  with  which 
I  was  favoured  by  Mr.  Aston  Key»  and  found  the  proportion, 
bolJi  of  the  animal  and  of  the  saline  ingredients^  to  be  very 
much  more  than  i^  usually  present  in  fluids  of  this  description, 
so  as  to  be  nearly  double  the  average  quantity.'  How  far  this 
peculiarity  belongs  jfenerally  to  the  disease  in  its  chronic  form, 
l&  a  question  which^  I  betieve»  the  present  state  of  our  know- 
ledge does  not  enable  us  to  an»wer.  It  is  much  to  be  desired, 
that  the  particulars  of  so  very  curious  a  case  may  be  given  to 
the  piiblic>  by  some  of  the  gentlemen  who  assisted  in  th^, 
examination, 
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fburth  of  what  it  is  in  the  fluid  from  afidie^, 
quantity  of  the  saline  contents,  and  of  the  uncoagu 
lablc  animal  matter  are  nearly  the  same.*  Nor  is  it  i 
its  quantity  or  proportion  alone  that  the  saline 
of  these  fluids  reserahles  that  of  the  blood ;  iu  v 
instances  where  it  has  been  examined^  it  would  ap^ 
pear  to  be  similar  to  it  in  its  eonipositioiiy  aad 
particularly  in  the  circum  stance  of  its  conkamiBg 
uneombined  soda.  This  salt  is  so  generally  found  iu 
those  fluids,  which,  in  other  respects,  exhibit  the 
albuminous  properties,  that  it  would  appear  to  be  ia 
some  way  necessarily  connected  with,  or  essential  tQ 
them,  while,  in  the  fluids  possessing  other  physical 
characters,  and  which  do  not  contain  albumen, 
never  find  any  indications  of  a  free  alkali.^  Wi 
respect  to  the  formation  of  the  albuminous  secretin 
we  have  no  knowledge  of  any  appropriate  organ  by 
which  they  arc  produced;  and  as  they  so  exiolly 
resemble  the  scrum  of  the  blood,  except  in  the  pro- 
portion which  there  is  between  the  wat^r  and  the 
solid  contents,  it  may  be  fairly  questioned,  whether 

*  See  the  paper  referred  to  above,  and  more  particufarly  tht 
synoptical  table,  p.  73. 

a  Mr.  Brande,  proceeding  partly  upon  thif  circtlmstancc  and 
partly  upon  his  discovery  of  the  effect  of  the  galvanic  appantui 
in  coagulating  albunacn,  considers  it»  while  in  the  liquid  state,  ai 
essentially  a  solution  of  this  peculiar  animal  matter  in  alkali»  tad 
attributes  its  coagulation  to  the  subtraction  of  thismlkalt  by  tht 
negative  end  of  the  interrypted  circuit ;  Phil  Trans,  for  IS09^ 
)^  d77«  I  have  already  given  my  reasons  for  conceiving  1 
this  hypothesis  cannot  be  maintained ;  Med*  Chir.  Trans,  v.  I 
p,  173,4. 


steal 
ioni^ 


Mucous  SecretiQuk* 

tb^y  are  not  formed  simply  by  filtration  or  transuda^ 
tion }  still,  however,  according  to  the  view  which  I 
have  taken  of  the  nature  of  secretion,  this  will  not 
exclude  them  from  the  list  of  secreted  suhstances. 

We  now  come  to  the  third  class  of  secretions,  the 
mucous,  which  differ  from  the  aqueous  and  the  albu<- 
minous  in  this  essential  particular,  that  whereas  tho 
two  former  appear  to  consist  of  suhstances  that  are 
merely  separated  from  the  blood,  the  essential  cha^ 
racter  of  the  mucus  depends  upon  a  substance,  which 
did  not  exist  in  the  blood,  but  which  is  formed  hy 
the  action  of  the  gland.  We  accordingly  find,  that 
in  the  case  of  these  secretiong,  we  are  generally  able 
to  demonstrate  the  organ  by  which  they  are  pro* 
dnced,  and  that  some  of  the  mucous  glands  arc  among 
the  most  elaborate  with  whicli  the  body  is  ftirnished,^ 
The  mucous  secretions  are  distinguished  hy  their 
viscidity,  or  their  capacity  of  being  drawn  out  into 
threads,  and  by  being  with  difficulty  soluble  in 
water,  although  they  are  already  united  to  a  con- 
siderable quantity  of  it.  The  animal  matter  which 
forms  the  basis  of  the  mucous  secretions,  and  which 
gives  them  their  essential  characters,  appears  in  many 
of  its  chemical  relations  to  resemble  albumen  in  the 

3  Bichat  considers  the  flitids  produced  from  serous  membranes 
as  ooly  exhalations,  while  those  from  mucous  membranes  are 
prQpeti*)y  secretions  ;  Traite  des  Membranes^  p.  5^  0*  Mftgeadle 
alaoj  who  makes  a  dLstioction  between  exhalations  and  glandylar 
secretions,  places  some^  at  least,  of  the  mucons  Buids  in  the 
^atlpr  class ;  Physiol  t,  ii.  p,  360,  ct  seq.  According  to  the 
te*t  proposed  by  Berzelius,  see  above,  p.  330,  the  mucous  fluids 
held  a  kind  of  ijitermediatf  tpjik  between  the  fiecretlops  and 
the  excretiops. 
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coagiikted  state,  so  that  we  are  led  to  suppose,  that 
at  least  one  effect  of  the  mucous  glands  consists  ie 
the  coagulation  of  the  albumen  of  the  blood/  An- 
other circumstance  which  characterizes  the  mucous 
secretions,  and  especially  distinguishes  them  from 
the  albuminous,  is  the  nature  of  the  salts  which  they 
contain,  for  whereas  the  latter  are  very  similar  to 
those  in  the  serum,  and  resemble  it  in  containing 
uncombined  soda,  the  salts  in  the  mucous  secretions 
are  in  the  neutral  state,  ■ 

The  mucous  secretions  diifer  from  the  albuminotis 
in  their  seat,  as  well  as  in  their  composition ;  the 
albuminous  are  lodged  in  the  close  cavities  of  the 
body,  while  the  mucous  are  always  found  in  those 
cavities  or  passages  that  have  a  communication  with 
the  atmosphere ;  such  as  the  moutli,  the  nose,  the 
cBsophagus,  the  stomach,  the  alimentary  canal,  the 
bladder,  the  tracbaea,  and  the  air  vesicles  of  the 
lungs.  In  many  of  these  parts  we  find  a  glandular 
apparatus,  which  is  often  peculiarly  large  and  ela- 
borate in  its  construction,  as  for  example,  in  the 
gland  which  secretes  the  saliva ;  but  there  are  other 
cases,  where  a  substance  tliat  appears  very  nearly  ta 
resemble  the  saliva,  is  formed  without  the  interven- 
tion of  any  glands  that  we  are  able  to  detect. 

AU  the  mucous  membranes,  as  they  arc  termed, 

«  Ed^  Metl*  Jouro.  v.  iL  p.  44,  5 ;  Nicliokon*s  Jounu  v.  iiv. 
p*  149. 

i  Mr.  Bmnde  informs  iis  ihat  the  saliva  h  not  alkaline ;  he 
finds,  however,  that  the  galvanic  apparatus  separates  albumen 
irom  it  tn  the  caagulatcd  ^tate,  as  it  does  from  the  alkaliae 
ieroui  ficcretions ;  PbiL  Trans,  for  1809,  p,  374,  cl  »e<|. 
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secrete  a  fluid  which  appears  to  be  nearly  similar  in 
the  various  parts  of  the  body ;  and  to  the  same  class 
we  refer  the  saliva/  and  the  gastric  juice/  although 

*  As  the  saliva  may  be  easily  procured  in  considerable  quan- 
t^i  it  has  been  frequently  made  the  subject  of  chemical  ana^ 
lysis.  An  account  of  what  had  been  done  on  the  subject  by 
the  earlier  pliysiologists  will  be  found  in  Boerhaave ;  Praelect. 
L  L  $  66 ;  and  in  Haller,  Eh  Phys.  xviii.  2*  10*  A  correct  detail 
of  the  modern  discoYeries  is  contained  in  the  Systems  of  Dr. 
Thomson,  v,  iv.  p.  515.  et  seq. ;  and  Dr*  Henry,  v.  it.  p.  4U9.  In 
some  experiments  which  I  performed  on  saliva  in  the  year  1805, 
I  conceived  that  I  had  detected  in  it  two  kinds  of  animal  matter^ 
one  composing  the  soft  masses,  and  giving  it  its  consistence  and 
physical  characters,  nearly  similar  to  coagulated  albumen,  the 
other  dissolved  in  the  water  of  the  saliva,  along  with  the  salts, 
and  resembling  the  serosity  of  the  blood;  £d,  Med.  Joum.  vAu 
p.  ^4f,  5 ;  and  Nicholson's  Journ.  v.  xiv.  p.  14'9*  Dr.  Thomson 
agrees  with  me  in  thinking  that  the  former  of  these  substances 
exhibits  the  properties  of  coagulated  albumen  ;  System,  v,  iv. 
p.  517.  Berzelius  has  more  lately  examined  saliva;  he  also 
supposes  that  it  contains  two  kinds  of  animal  matter  ;  the  one 
which  he  styles  mucus  appears  to  be  the  same  with  what  I  con- 
ceive to  be  coagulated  albumen  ;  he  likewise  supposes  that  there 
is  a  relation  between  some  of  the  component  parts  of  the  saliva, 
and  the  serosity  of  the  bloody  although  not  of  that  nature  which 
I  had  announced.     His  analysis  of  the  saliva  is  as  follows  : 

Water , , 992*9 

Peculiar  animal  matter  • . . . , 2*9 

Mucus  . . , , ^ ,  * l-'fr 

Alkaline  muriates * 1  '7 

Lactate  of  soda  and  animal  matter 0-9 

Pure  soda  * , , , , , . , , 0*2 

lOOO'O 
Inn.  Phil  v.  ii,  p.  579,  0 ;    Med.   Chir.  Tr.  v.  iii.  p.  242. ,  4  ; 
View  of  Animal  Chem.  p.  61,  2. 
I  shall  refer  those  of  my  readers  who  take  an  interest  in  trac- 
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w%  can  toweely  colic^ive,  but  that  this  latter  iniisl 
contain  some  ingredient  besides  its  mucous  part,  ttt 
which  it  bwes  its  l>eculiar  property  of  acting  up<J« 
the  aliment  taken  into  the  stomach :  but  this  point 
trill  be  more  fully  considered  in  the  nekt  chapter. 

It  is  somewhat  doubtful  whether  the  tears  should 
be  referred  to  the  class  of  albuminous  or  of  tnucous 
fluids*  Ao  analysis  was  made  of  them  by  FoiircrO|f 
and  Vauquehn^  which,  considering  the  period  whe# 
it  was  performed,  must  be  regarded  as  very  accurate  i 
And  as  from  this  wc  Icam  that  they  contain  an  un-i 
combined  alkali^  we  might  be  induced  to  place  them 
among  the  albuminous  secretions.  It  appears,  howwf^ 
that  besides  albumen,  some  other  ahittial  matter  ente« 
iuto  their  compbsition,  wliich  gives  them  their  spfef 
cific  properties,  and  which,  so  far  as  we  can  form  all 
opinion  from  the  detail  of  the  experiments,  resei 


ing  ihe  progress  of  knowledgei  to  the  account  of  theildlTa  wii 
is  givtn  by  BagUvi ;  lie  exainined  tbe  action  of  varioui  ehe 
re^agents  upon  it  witb  coosidemble  ac curacy «  and  disctiiaci  wll 
mucb  ingenuity^  altbougb  not  ahvayis  very  correctly^  ittj 
posed  eBTect  in  the  process  of  digestion;  Dissert*  2.  Circa  Saltvfl 
Op.  p,  412.  et  seq. 

7  The  accounts  wliicli  had  been  generally  given  of  tlie  gastf 
juice  were  that  it  possessed  no  properties  which  were  not  com- 
xnoti  to  all  the  mucous  secretions,  and  especially  that  it  wM  i 
ther  acid  nor  alkaline.  We  have,  indeed,  occasional  i 
by  different  chemists,  wlio  asserted  that  they  had  detected 
uncombincd  acid  in  it,  but  this  was  supposed  to  be  accidtoti 
or  to  be  owing  to  some  morbid  cause,  until  Dr.  Prout  announc 
that,  during  digestion,  the  contents  of  the  stomach  were  ^ 
tiiiUy  acid,  add  that  tliis  acid  was  the  muriatic  £  FhiL  Trans.  I 
1824,  p.  4r5*  et  «eq. 
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mucus,  and  would  therefore  entitle  them  to  be  placed 
among  the  mucous  secretions.*  This  opinion  appears 
to  be  confirmed  by  the  nature  of  the  organ  which  pro- 
duces them,  which  is  not  a  membranous  surface,  but 
i$  a  part  possessed  of  a  proper  glandular  structure. 

A  considerable  part  of  the  seminal  fluid  appears  to 
be  mucus,  although  both  from  its  physiological  and 
its  physical  properties  it  would  seem  to  contain  some- 
thing of  a  peculiar  or  specific  nature^  upon  which  we 
may  presume  that  its  appropriate  action  more  espe- 
cially depends.  What  is  commonly  styled  the  pan- 
creatic juice*  is  described  to  be  a  substance  resembling 
ifiliva,  and  we  are  informed  that  the  anatomical 
fitrueture  of  the  pancreas  is  very  similar  to  the  salivai-y 
glands  of  the  fauces ;  but  I  believe  that  we  have  no 
Very  accurate  information  on  either  of  these  points*^ 

*  Joum  de  Phys.  t.  xxxix.  p,  256.  ct  acq*  It  would  appear 
from  Berzellu5*s  analysis  of  the  humours  of  the  eye,  that  their 
chemical  constitutloti  miglit  induce  us  to  place  them  in  this 
blass,  rather  than  in  the  albummouS:^  although  they  do  Boi 
i^oSiess  the  physical  properties  of  the  mucous  fluids.  The 
**  peculiar  matter/'  which  forms  between  35  and  5G  per  cent*  of 
the  crystalline  lens^  so  far  as  its  properties  are  detailed,  appears 
to  differ  from  every  other  animal  substance  with  which  we  are 
Acquainted  ;  Med.  Chir.  Tr.  v.  iji.  p.  254 ;  Ann.  Phil  v»  ii.  p-  386. 
Fourcroy  and  Vauquelin  also  examined  the  nasal  mucus,  and 
the  result  of  their  examination  was^  that  it  very  nearly  resembles 
tears  in  all  its  chemical  relations ;  they  particularly  state,  that 
it  contains  uncombined  soda,  p.  S59 ;  but  this  does  not  agree 
with  my  ov^n  experience. 

9  De  Graaf's  Treatise  on  the  Pancreas,  Tract,  Anat.  Med,  &c. 
fcrtay  be  referred  to,  as  the  production  of  one  of  the  most  emi- 
hient  Ooatomists  of  the  17th  century^  giving  an  account  of  all 
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If  the  idea  be  correct  that  the  substance  -whic 
gives  the  mucous  secretions  their  characteristic  pr 
perties  be  albumen  in  tlie  coagulated  state,  it 
follow,  that  the  solid  membranous  bodies  must  belong ' 
to  this  class  rather  than  to  the  albuminous,  and  ought 
indeetl  to  be  considered  as  the  completion  of  that 
process,  of  which  a  mucous  secretion  is  the  first  st 
But  it  would  be  preniatiu-e,  in  the  present  state 
our  knowledge,  to  proceed  upon  such  strictly  technic 
principles.  I  may  farther  remark,  that  if  the  ti 
classes  of  albuminous  and  mucous  substances  be 
Dearly  connected,  as  this  view  of  the  subject  wot 
suppose  them  to  be,  we  may  readily  imagine  that  i 
slight  change  in  the  action  of  the  secreting 
^lay  cifect  a  change  in  the  substance  produced, 
convert  a  mucous  to  an  albuminous  secretion  or  tl 
contrary  ;  and  I  am  disposed  to  think  that  I  hav 
witnessed  several  examples  of  this  kind  of  converdouj 


Uiat  had  been  discovered  or  imagined  upon  the  subject.     Wri 
may  presume  that  the  descriptions  are  correct,  but  the  work  J 
-extremely  diffuse,  and  contains  a  large  portion  of  physiologii 
and  pathalogtcal  hypothesis,  which  is  now  entirely  supersedeilpl 
See  also   Boerhaave,  PrtElcct,  §  JOl.  cum  notts ;  Halier,  Pric 
Lin,  cap*  22;  and  El.  Phys.  lib.  xxii ;  Sa^mmerbgj  Corp.  Huai»l 
fab.  t,  vi.  p.  142^8:  Bhmieubach,  Inst.  Phys-  J  24 ;  Fordyof] 
on  Digesiioi^,  p.  70.  *  2, 

*  A  liigli  degree  of  mercy  rial  actiou  on  the  salivary  glandsi  j 
Appears  to  convert  the  Huid  which  they  secrete  into  a  substancil 
of  an  alhuminoys  nature,  while  a  certain  state  of  trritalion  io  i 
some  of  the  serous  membranes  has  caused  them  to  secrete  A  ] 
mucous  fluid ;  see  Med.  Chin  Tr.  v.  x.  p.  80,  1  ;  and  v.  xiu.  p.  73» 
€t  leq*  For  remarks  on  the  mucous  j»ecretions»  the  student  iu«| 
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e:  The  fourth  class  of  secretloes,  the  gelatinous,  are 
80  named  from  their  essential  characters  depending 
upon  the  jelly  which  they  contain,  the  specific  pro- 
perty of  which  is  to  liquefy  hy  heat  and  to  become 
concrete  by  cold,  exhibiting  the  phenomena  to  which 
the  term  gclatinization  is  applied.  Jelly  was  formerly 
supposed  to  be  one  of  the  constituents  of  the  blood, 
and  to  enter  into  the  composition  of  several  of  the 
animal  fluids,  hut  more  accurate  experiments  have 
proved  that  this  opinion  is  erroneous.'*  It  is,  how- 
ever, found  very  plentifully  in  many  of  the  solids, 
and  particularly  in  the  membranous  or  white  parts, 
although  it  is  not  confined  to  them.'^  It  may  seem 
remarkable,  that  while  jelly  is  so  abundant  in  various 
animal  solids^  it  should  not  exist  in  any  of  the  fluids, 
notwithstanding  its  solubility  in  water.  As  it  is  not 
found  in  the  blood,  it  foUows  that  it  is  the  result  of 
a  proper  secretion  ;  yet  as  wc  know  of  no  organ  espe- 
cially appropriated  to  this  office,  it  would  seem  to 
follow,  either  that  it  must  be  secreted  by  the  minute 

consult  Thomson's  Chena.  v.  iv.  p.  4^24*,  5 ;  525.  et  seq*  Thenard, 
Traite,  t.  iii.  p.  687.  tl  seq.     Henry's  Elcm*  v.  Vu  p.  366, f. 

BerzeJius  in  Ann.  Phil.  v»  ii,  p.  581 .  et  geq* ;  and  Med.  Chlr.  Tr. 
V.  in,  p.  242,  et  seq.  Magendie,  Physiol,  t.  ii.  p.  365.  et  seq* 
Children  s  Thenard,  §  270.  Bostock^  in  Med.  Chir.  Tr.  v.  i?, 
p,  75.  et  seq. 

,  »  Med.  Chir.  Tr.  v,  i*  p.  71. .  3  ;  and  v.  iii.  p.  233 ;  Ann,  Phil, 
V  ii.  p.  205. 

3  Berzelius,  however,  appears  to  think  that  jelly  doei  not 
actually  exi^t  as  one  of  the  constituents  of  the  body,  but  that  it 
if  generated  by  the  boiling,  instead  of  being  merely  extracted 
by  this  proce^  i  View  of  Ajiimal  ChemlBtry^  p,  50. 
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I  tapiUariefi  thab  are  dispersed  ovar  the  parts  wllere 

I  ji^jr  is  found,  or  that  we  are  led  to  regard  it  la  aa 

I  cxtra*TasciiIar  prodtictioD,    being  formed  by    aanit 

I  change  in  the  elements  of  the  body  from  which  it  is 

idoinpo»ed>  after  it  leaves  the  arteries*     We   learn 

Ifeom  an  interesting  experiment  of  Mr,  Hatchett'% 

that  albnnien  may  be  converted  into  jelly  by  diget^ 

tito  in  diluted  uitrie  acid  ;*  and  there  is  reaaon  l# 

I  suppose  that  the  conversion  is  produced  by  the  addi^ 

I  tieii  of  a  portion  of  oxygen  to  the  albumen,  a  con- 

tion  which  is  in  some  degree  confirmed  by  tht 

late  analysis  of  the  two  substances.^    It  is  thmi^ 

fcre  reasonable  to  suppose  that  the  same  change  may 

take  place  in  the  living  body  ;  and  that  the  albumet 

which  is  conveyed  by  the  capillary  arteries,  eithir 

^hile  it  remains  in  these  vessels^  or  when  it  is  dis* 

thatged  from  them,  is  united  to  a  portion  of  oxygM} 

«nd  thus  converted  into  jelly* 

'    It  is  to  be  observed  in  respect  to  the  relatiotf] 
between  these  two  substances,  that  jelly  exists 


«  Phil,  Trani*  Far  ISOO,  p,  385.  Fourcroy  maintained  tAi 
opinion  that  jelly  is  constituted  by  the  combination  of  a  portiotj 
of  oxygen  with  albamen;  Ann.  Chim.  t.  liL  p.  961 ;  bat  It  doel] 
aot  appear  that  he  ever  actually  effected  the  conversion,  aU  I 
though  this  discovery  has  been  ascribed  to  hira ;  Thomson'l 
Fourcroy,  v.  iii.  p.  273. 

*  According  to  MM,  Guy-Lussac  and  Thenard,  the  roHowin|] 
arc  the  elements  of  albumen  and  jelly;  Children's  Tbentrclfl 
p*  S57  I  Tbenard,  Chim.  u  iv*  p.  40*. 

Carboti  €htygc>n  Hfdrogrn         Kittufdl  I 

Albumen..,.   5^-88$  SS-BTS  7'54>  1^*70^ ] 

Jelly   >7-881  BT-SO?  T'9W         MM 
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moieh  greater  quautity  in  the  cortespoildbg  parts  of 
jroimg  than  of  old  animals,  so  that  those  parts  vfrhich 
in  the  early  stages  of  existenee  are  almost  entirely 
eoniposcd  of  jelly,  as  age  advances,  are  foUnd  to  con- 
sist principally  of  albnmen.  We  are  not  aware  of 
any  peculiarity  in  the  state  of  the  hody  during  in-» 
fancy,  or  in  any  of  its  functions*  which  can  explaia 
the  superabundance  of  jelly  at  this  period,  nor  dd  we 
know  of  i*ny  provision  wluch  there  is  in  the  eon^ti^ 
tiition  of  the  system  for  its  more  copious  production 
at  this  period.  We  are  equally  ignorant  of  the  mode 
in  which  it  is  afterwards  tlisposed  of;  if  it  he  taken 
u^  by  the  absorbents,  it  must  be  altered  in  its  com-< 
position  before  it  arrives  at  the  blood,  because  we  do 
not  find  any  traces  of  it  in  this  fluid,  so  that,  per<^ 
haps,  upon  the  whole,  it  is  more  probable  that  it 
undergoes  some  farther  change,  as  we  are  not  ac* 
quaintcd  with  any  purpose  which  it  serves  while  in 
the  state  of  jelly,  nor  is  it  easy  to  understand  in  what 
Wily  it  is  removed  from  the  system.  Jelly  is  nevet 
fmmd  but  in  connexion  with  a  membranous  substance, 
between  the  fibres  or  interstices  of  whicli  we  may 
presume  that  it  is  deposited,  but  there  are  some  cases 
in  which  tlie  jelly  seems  to  form  by  far  the  greater 
proportion  of  the  compound. 

One  of  the  parts  of  the  body  from  which  jelly  is 
procured  the  most  copiously  is  the  skin,  but  it  is 
somewhat  doubtful  in  what  state  of  combination  it 
exists  there;  whether  it  be  dispersed  through  a 
substratum  of  coagulated  albumen,  which  appears 
generally  to  form  the  basis  of  the  animal  sohds,  or 
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whether  the  jelly  be  itself  organized,  a  supposition 
which  is  rendered  probable  by  the  large  propoitiofj 
which  it  forms  of  certain  substances.     In  isingl 
for  example,   the  insoluble  part  is  not  more  tha 
about  1*5  per  cent,  of  the  whole,  and  unless  we  con^j 
ceive  the  jelly^  in  this  case,  to  form  a  mere  concretion  I 
(an  idea  which  is  inconsistent  with  all  our  conoeptioni| 
of  the  constitution  of  the  animal  body),  w^e  are  al 
reducetl  to  the  necessity  of  supposing  the  jelly  it 
to  be  organized*     Like  the  albumen,  jelly  is  nearl 
free  from  salts  or  any  other  extraneous  substances. 

The  fifth  class  of  secretions,  the  fibrinous,  are  si  1 
named  from  their  resemblance  to  the  fibrin  of  tbt 
blood,  and  from  this  being  the  probable  source  whence 
they  are  immediately  derived*      They  diflTer  fitm 
those  that  have  been  hitherto  examined  iu  the  cir* 
eumstance  of  their   containing  a  larger  proportion 
of  nitrogen,  or  being,  as  it  is  said,  more  completely 
aniraalized,  in  their  chemical  composition/  while  in  j 
their  physical   structure,   they   retain   the  peculiaf 
fibrous  texture  of  the  substance  from  which  they  art 
produced.     In  this  class  we  must  place  the  muscuhtf  ] 
fibre  under  all  its  various  forms,  which,  whether  cosM 

\\ 

5  MM.  Guy-Lussac  and  Thenard's  analysis  of  fibrin  ii  li] 

follonr  s :  H 

Carbon  53*360,  Oxygen  19*685,  Hydrogen  7*021,  Nitrogeo^j 
1995*;  llius  giving  u§  2-94-6  per  cent,  more  nitrogen  tliao  itt  , 
jelly^  and  4,229  per  cenL  than  albumen;  Researches,  t.  iii 
p.  350  ;  Thenardp  Traitc,  t.  iii.  p.  523,  and  t.  iv,  p,  305 ;  Chil* 
dren's  Thenard,  p,  357.  it  is  generally  admitted  that  the  cle^  | 
mcntary  constitution  of  the  pure  muscular  fibre  is  identical  witM  * 
that  of  the  fibrin  x)f  the  blood« 
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stitutiog  the  long  fibres  of  the  proper  mtiscles,  or  the 
short  ones  of  the  muscular  coats,  appears  to  possess 
exactly  the  same  chemical  composition,  and  nearly 
the  same  physical  form  and  arrangement  with  the 
fibrin  of  the  blood/'  This  is  one  of  those  cases  where 
the  effect  of  secretion  appears  to  consist  merely  in 
separation,  and  this  we  may  conceive  to  be  accom- 
plished by  the  separated  snbstance  haiiiig  been  simply 
discharged  by  the  mouths  of  the  capillar}^  arteries, 
and  deposited  in  its  appropriate  situation  in  the  body; 
so  as  to  be  adapted,  mthout  any  farther  change,  to 
the  office  which  it  is  aftenvards  to  serve  in  the  animal 
ceconomy. 

It  may  be  questioned  whether  there  be  any  sub- 
stance except  the  muscular  fibre  which  ought  to  be 
arranged  under  this  division.  The  other  constituents 
of  the  body  which  exhibit  a  fibrous  structure  are,  for 
the  most  part,  what  have  been  already  included 
among  the  albuminous  secretions,  as  being  formed  of 
this  substance  in  the  coagulated  state,  so  that,  upon 
the  principles  of  the  chemical  arrangement,  it  appears 
necessary  to  include  them  in  this  division.  It  must, 
at  the  same  time,  be  admitted,  that  the  diiFerence 
between  the  elementary  constitution  of  albumen, 
jelly,  and  fibrin,  is  not  very  considerable,  nor  is  it 

^  Cuvier  Indeed  observes,  Le^^ons,  t.  i.  p.  90,  I.  that  fibrin  is 
not  found  m  any  of  tbe  food  that  is  taken  into  the  stomach,  and 
concludes  that  it  Is  formed  by  respiration  ;  the  operation  of  this 
function  he  supposes  is  to  remove  carbon  and  hydrogen  from 
the  bloody  and  consequently  to  leave  in  it  a  larger  proportion  of 
nitrogen. 
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very  decisiTCly  crtablished,  yet  there  appears  reas 
t0  conclude  that  an  essential  difference  between  the 
does  exist.     There  are  some  oth<H'  parte  of  the 
M^hich  also  possess  a  fibrous  texture,  such  as  the  ba 
of  the  cutis,  but  this  would  seem  to  have  more  rclatio 
in  its  chemical  composition  to  albumen  or  to  jellj 
than  to  fibrin.     The  fibrous  coat  of  the  arteries 
longs  to  the  class  of  substances  which  wc  are  B€ 
examining,  as  also  the  fibres  of  the  iris,^  and  probablj 
both  of  these  must  be  considered  as  nothing  morl] 
than  mere  varieties  of  the  muscular  structure.    FouiiJ 
croy  and  Vauquelin  have  described  a  peculiar 
stance  of  a  fibrous  texture,  which  is  found  in 
iBcminal  fluid,  and  would  appear  to  compose  the  ^ie*j 
eific  part  of  this  secretion,  which,  perhaps,  ought 
be  refcrretl  to  this  class.*     A  fibrous  substance 


f  I  liftve  remarked  above,  v.  i.  p.  399,  that  Prof.  BcTztlinl 
and  Dr.  Young  conceive  the  clmmical  cocnpoiMtioii  of  Uififp 
paru  to  difier  from  that  of  the  proper  imwcuJar  fibre  ;  with  eirer| 
feetii)^  of  re«pect  with  £ucti  high  authorityi  it  appears  to  qpp 
that  the  experioient^  are  not  su^cicntly  decisive  to  enable  m 
to  form  an  opinion  upon  the  subject.  It  would  be  desirable  to 
compare  the  elenientary  analysis  of  the  muscles  of  fishes  aad  if 
file  motlusca  H'ltb  those  of  the  mammalia^  in  order  to  M€tf$|i| 
fritb  what  variety  of  cbcmtcal  composition  muscular  coQtrac- 
tility  can  be  connected  ;  we  sliould  probably  find  some  diffietdt^ 
in  rccpnciling  the  cheipical  with  the  physiological  arrangement 

'  Ann.  Chim*  t.  ix.  p.  64.  et  scq* ;  Thomson's  Cbem*  I.  iv. 
p-  5:H  .7  ;  Thenard,  Traitc,  t.  iii,  p.  694,  /;.  The  nature  ind 
functions  of  the  spermatic  animalcules,  which  forraedy  gave 
rise  to  so  much  controversy^  Blumenbach|  Inst,  Pliys.  \  5^* 
and  note  (G)t  and  the  existence  of  which  appears  to  be  confirmed 
by  tlic  late  observations  of  MM.  Frevost  and  Dumas,  Edia. 
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found  by  Dr*  Marcct  composing  the  basis  of  a  urinary 
calculus,  and  similar  substances  hav€  ]>een  occasion^ 
ally  met  with  in  other  morbid  concretions,  which  arc 
lodged  in  the  different  canities  or  passages  of  the 
body ;  but  it  is  probable  that  these  were  merely  por*- 
tions  of  fibrin  that  had  been  effused  from  a  ruptured 
vessel^  and  not  the  result  of  any  new  action  of  the 
iressels.'^  ^* 

1  We  now  arrive  at  a  class  of  bodies  that  are  mof* 
distinct  from  any  of  those  tliat  are  foimd  natiiratly 
existing  in  the  blood,  and  which  we  may  therefore 
suppose  to  be  the  result  of  a  more  elaborate  or  com- 
plicated action  of  the  secretory  organs,  the  oleaginous 
secretions,  those  that  derive  their  essential  character 
from  the  presence  of  an  oily  ingredient.  These  com- 
pose a  numerous,  and  at  tlie  same  time,  a  considerably 

varied  class  of  substances,  in  some  of  which  the  oil 

ix 
Pl)jl.  JoufQ*  ?.  ?^-  p.  2^1,  will  be  raoro  properly  comlderfid 
hereafter^ 

9  Perhaps  the  synovia  ought  to  be  included  among  the  fibri^ 
nous  secret! onsy  as  we  are  informed  by  Margueron,  th^t  lU 
Epeciiic  character  depends  upon  a  substance  oPaiibrous  texturtj 
iiut  the  experiments  do  not  enable  us  to  decide,  whether  U  be  of 
the  nature  oi  muscular  fibfc  or  Qlf  membrane ;  Ann.  Chirp,  t.  3df « 
p.  123  ;  Thomson's  Chem.  y,  iv^  p«  ^52.  .4  ;  Thcnard,  Traite^ 
t-  iii.  p*  685, 6  ;  Henry *8  Elem.  v.  ii*  p.  4-33,  4 ;  Sec  Vauquelin's 
Analysis  of  Synovia  from  an  elephant;  Ann*  Chim.  et  Phj^s. 
t*  vi*  p.  399.  et  seq.;  and  Journ*  Pharm.  t.  iii.  p,  289.  et  seq* 

I  had  once  an  opportunity  of  examining  a  fluid  from  the 
fifkvky  of  the  knee  joint  f  it  consisted  of  wat«3r  holding  in  solu« 
lion  about  5  per  cent  of  albumen,  in  which  a  number  of  flake;^ 
or  masses  were  floating^  that  appeared  to  be  composed  of  coil- 
gulatcd  albamen ;  Med.  Chir*  Tr.  v,  iv.  p.  74. 
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is  nearly  in  a  state  of  purity,  or  at  least  forms  thi 
greatest  part  of  the  body  in  question,  while  in  t' 
others,  the  oil  is  mixed  with  other  animal  principl 
in  such  a  manner,  that  it  is  not  easy  to  decide  itti 
which  division  the  substance  under  consideratiott 
ought  to  be  placed.  As  a  matter  of  convenience  I 
have  thought  it  better  to  place  every  substance  ijl, 
this  class,  that  contains  oil  in  any  notable  proportioi]| 
or  of  which  any  of  the  specific  characters  depend, 
upon  oil,  although  the  actual  quantity  of  it  may  b^ 
less  than  that  of  some  of  the  other  ingredients.  Ot< 
the  oleaginous  secretions,  the  first  that  claims  oui 
attention,  both  from  its  quantity  and  the  state  ioi 
which  it  exists,  is  the  fat  of  all  kinds,  which  is  foun4 
connected  with  the  muscles  and  many  of  the  vi; 
In  its  chemical  constitution  fat  appears  to  agree  verj'] 
nearly  wth  the  expressed  vegetable  oils ;  like  those 
it  varies  in  its  consistence,  or  rather  in  its  freezing 
^int,  so  as,  in  the  ordinary  temperature  of  the  attno* 
sphere,  to  be  found  sometimes  in  a  solid  state,  as  ii 
the  case  with  suet  and  tallow,  and  at  other  times 
perfectly  fluid,  as  wc  find  it  more  particularly  dif- 
fused through  the  cellular  texture  of  the  cetacea* 
We  are  not  acquainted  mth  any  apparatus  that  is 
appropriated  to  the  secretion  of  oil,  nor  are  there 
any  facts  which  can  enable  us  to  decide  positively 
upon  the  mode  of  its  formation.  As  a  substance  of  an 
oily  nature  has  been  said  to  enter  into  the  composi- 
tion of  the  chyle,  and  as  the  formation  and  deposition 
of  fat  appear  to  bear  a  relation  to  the  quantity  of 
chyle  that  is  produced,  it  has  b^n  conjectured  that 
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the  oleaginous  secretions  originate  in  tlic  process  of 
chylification,  but  it  may  be  objected  to  this  idea  that 
the  fat  cannot  be  detected  in  the  blood.  Individual 
cases  arc  indeed  recorded,  where  the  blood  has  ex- 
hibited an  appearance  as  if  something  like  cream 
was  floating  in  it,  but  we  arc  not  well  informed  of 
tlic  nature  of  this  creamy  matter,  it  is  only  a  rare 
occurrence,  and  should  probably  be  considered  as 
depending  upon  some  morbid,  or  at  least  some  xm- 
usual  state  of  the  system.^ 

I  Ilaller,  El.  Phys.  Jib<  i.  sect  4.  p.S5.  ,9,  conceived  that  the 
&t  existed  in  the  arterial  blood,  and  exuded  from  it  through 
small  pores,  with  which  the  vesseli  were  supposed  to  be  fur- 
nbhed;  Wm,  Hunter,  Med.  Obs.  and  Inq.  v.  ii.  p.  33..  36, 
thought  that  the  fat  must  be  secreted  by  a  specific  organ,  but 
the  considerations  which  they  have  adduced  in  favour  of  their 
respective  opinions  are  altogether  of  a  general  nature.  Mugendie^ 
El  Phys.  t.  ii,  p.  StTj  8*  places  fat  among  the  cellular  exhala- 
tioQSt  because  no  specific  structure  can  be  detected  for  its  for- 
mation  ;  but  it  appears  inconsistent  to  call  a  substance  an  edia* 
Ittion,  which  is  so  unlike  any  of  the  proximate  principles  of  ihe 
blood.  Sir  Everard  Horae  has  adopted  an  original  hypothesis 
respecting  the  physiological  relations  of  fat ;  Lect.  on  Comp. 
Anat.  V.  i.  p.  468.  et  seq,  and  PliiL  Trans,  for  1821,  p.  St ;  he 
thinks  that  it  h  not  a  secretion,  but  that  it  "is  formed  in  the 
colon^  and  is  thence  taken  up  into  the  blood  vessels,  and  distri- 
buted to  the  different  parts  of  the  body."  We  should  be  dig- 
posed  to  receive  this  opinion  with  the  deference  which  is  due  to 
•uch  high  authority,  but  it  must  be  acknowledged,  that  the 
argfmients  by  which  it  is  supported  are  not  the  most  direct.  It 
id  iuM'to  be  *'  sufficiently  proved  by  the  mode  in  which  adipocere- 
is  made,*'  a  process  whicb^  as  far  as  I  can  perceive^  bears  but  a 
very  remote  analogy  to  the  functions  of  the  colon.  The  ex- 
periments tliat  are  related,  I  must  confess,  appear  to  me  to 
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But  from  the  circumstance  of  there  being  no  a|N 
propriatc  organ  for  tlie  secretion  of  fat,  and  also  from, 
the  fact  of  its  heing  deposited  in  so  many  parts  of 
the  body,  or  rather  connected  with  textures  of  such 
various  description s,  we  may  conchide  that  fat  must 
be  formed  by  8ome  peculiar  action  of  the  capillary 
system  generally.  The  effect  may  lie  produced  either 
by  some  change  in  the  action  of  the  vessels  them* 
selves,  or  in  the  composition  of  the  fluid  which  'w 

be  very  inconclusive.     As  an  argument  in  favour  of  his  opinion^ 

Sir  £v<  HomQ  observes  that  Mr*  Ilatchett  made  "  tbc  very 

interesting  discovery....  tbat  iat,  spermaceti,  and  adipoerrn 

are  in  reality  the  same  substance  ;"  hecu  p.  i77.  Upon  reCnTtDgt 

hoivever,  la  the  account  of  Mr.  Hatchctt  himself,  ire  £ad  UiPt 

philosopher,  who  is  so  distinguished  for  his  accuracy,  tUtis  es^ 

presses  himself;  "  The  chemical  distiactton  betnreen  animal  fst| 

spermaceti,  and  atlipocere,  as  far  as  relates  to  the  effects  of 

heated  alcohol  upon  these  substances,  has  been  hitherto  crrc^- 

i^eously  stated  ;**  p.  481.     I  think  it  will  be  admitted,  that  wh«a 

we  reflect  upon  what  ia  essentially  iuvolved  in  the  hypotbeiU 

Uiat  the  fat  is  to  pajs  uuchanged  through  tliu  lacl^als,  m 

teric  glands^  thoracic  duct,  lungs,  and  arteries,  and  is  linalljf 

b*e  deposited  by  their  capillary  extremities^  it  must  requim  tmf 

direct  evidence  of  the  formation  of  the  faf  in  the  colam,  whOtirt 

might  presume  tliat  it  would  act  be  di^cuU  to  detect  it  io  mam 

parts  of  its  progress.     Sir  Ev«  Home  very  candidly  relalct  tn 

unsuccessful  experiment  wliicli  he  performed  for  thif  purpOi9t 

VhiU  Trans,  fur  1S21,  p,  34.     For  an  account  of  the  difl^PV 

adipose  secretions,  the  student  may  examine  ThomsoD's  Cheo. 

V.  iv.  p.  438..0;  Thenard^  Chioi.  t- iii.  p.  620. , 637  ;  Bmif* 

Elem.  v.  ii*  p.  382,  3 ;  and  Blumenbach^  Inst.  Vhya,  teci.  S5. 

I  shall  beg  to  refer  to  some  ex^terimcAts  which  I  perfbrmtdis 

the  year  1807,  on  the  action  of  alcoholj  upon  diAerenl  olcafi* 

Boui  or  fatt^  substances  ;  Nichohpa*!  Journ^  v-  xvi  p.  165, 6^ 
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transmitted  through  them ;  and  it  is  most  probable 
that  tills  last  is  the  case,  because  the  depositioo  of 
fat  is  obviously  connected  with  the  state  of  the  digee* 
tive  organs.  We  have  no  certain  grounds  for  en- 
abling us  to  judge  from  what  part  of  the  blood  the 
fat  is  immediately  produced,  but  perhaps  it  may  be 
considered  more  probable  that  it  is  from  the  albumen 
than  from  the  fibrin,  as  we  shoiJd  scarcely  expect 
that  after  the  fibrin  has  been  elaborated  in  the  bloody 
it  should  be  again  decomposed.  It  may,  howevcJr,  be 
remarked,  on  the  other  hand,  that  the  fibrin  appears 
to  he  the  most  variable  in  its  proportions  of  any  of  the 
constituents  of  the  blood,  and  that  the  formation  of 
fet  may  be  the  means  by  which  it  is  carried  off,  when 
it  is  formed  in  greater  quantity  than  is  required  for 
the  wants  of  the  system. 

If  we  consider  fat  in  its  chemical  relation  to  the 
other  constituents  of  the  blood,  either  the  albumen 
or  the  fibrin,  we  sliall  find  that  it  differs  from  them 
in  containing  no  nitrogen,  little  or  no  oxygen,  and  a 
less  proportion  of  carbon >  so  that  when  they  arc  con- 
verted into  adipose  matter,  the  nitrogen  and  oxygen 
are  retained  with  a  portion  of  the  carbon,  while  the 
hydrogen  and  a  portion  of  the  carbon  are  separated 
and  compose  the  fat  Tliere  are  two  modes  in  which 
we  may  conceive  of  this  operation  being  pcrtbrmed, 
according  as  we  suppose  the  fat  to  be  produced  while 
in  the  vessels  themselves,  or  not  until  it  is  just  upon 
the  point  of  being  excreteil  fi-om  thcin*  In  the  first 
case  the  operation  n\ust  consist  in  the  abstraction 
om  the    fluid  of  its  ui  trogeii  and  oxygeu  and  a  part 
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of  its  carlxm;  in  the  other,  of  the  Iiydrogcn  mul  a  part* 
of  the  carboD,  while  the  rcraamdcr  of  the  elcnieDts 
arc  left  in  the  vessels.  The  circumstances  which 
favour  the  deposition  of  fat,  are  an  excess  of  nutritive 
matter  received  into  the  blood,  at  the  same  time  that 
the  secretions  or  excretions  of  various  kinds  arc  not 
duly  discharged ;  we  may  therefore  suppose  that  in 
this  case  there  is  a  provision  in  the  system  for  the 
removal  of  the  superfluous  matter,  and  that  this  is 
done  by  various  means  and  by  various  organs.  TI4H 
principal  part  of  the  hydrogen  appears  to  be  disposed 
of  in  the  formation  of  fot,  the  carbon  is  carried  off 
partly  by  this  means,  and  partly  by  the  lungs,  while 
the  nitrogen  is,  perhaps,  principally  removed  by  the 
kidney. 

The  secretion  of  fat,  however  it  is  effected,  is  an 
operation  which  proceeds  with  great  rapidity,  for  we 
find  that  no  animal  solid  is  so  quickly  generated 
where  circumstances  arc  favoiu-ahle  for  its  productioi 
It  is,  on  the  other  hand,  the  substance  which  is  fir 
removed  from  the  body,  when  the  system  is  suflTerii 
from  inanition  or  disease,'  so  as  to  indicate  that  tl 
fat  is  the  part  upon  which  the  absorbents  arc  tl 
most  disposed  to  act,  while  it  is,  at  the  same  tic 
the  most  readily  deposited  by  the  capillary  arterie 
The  great  facility  with  which  fat  is  generated, 
afterwards  removed  from  the  system,  has  led  soi 
physiologists  to  regard  it  as  one  of  those  substanc 
which  are  properly  excrementitious,  separated 


»  Hnlkr,  El.  Phys.  xix,  2,  3. 


Oleagi/ma  Secreiiom.  357 

the  blood,  rather  in  cousequencc  of  their  l>eiitg 
noxious,  or  at  least  useless,  than  from  any  important 
puriK)se  which  they  serve.  There  may  be  some  foun- 
dation for  this  opinion,  but  still,  as  I  have  had  occa* 
sion  to  remark,  it  appears  to  be  more  analogous  to 
the  contrivance  vvliich  we  observe  in  the  animal 
frame,  and  in  the  adaptation  of  its  parts  and  actions 
to  each  other,  to  conceive  that  it  may  serve  some 
important  secondary  purpose,  and  that  even  in  the 
very  act  of  being  discharged  it  may  produce  some 
useful  effect,  which  could  not  have  been  so  well 
accomplished  by  any  other  means. 

The  uses  which  were  assigned  to  the  fat  by  the 
older  physiologists,  were  principaUy  of  a  mechanical 
nature,  as  that  of  lubricating  the  muscles  and  ten- 
dons, or  giving  them  their  proper  degree  of  flexibility 
and  suppleness ;  but  it  seems  not  easy  to  conceive, 
how  the  fat,  lodged  as  it  is  in  distinct  receptacles, 
can  produce  this  effect.  In  the  cetacea,  it  may 
serve  to  render  the  body  less  disposed  to  part  wi^ 
its  heat,  and  thus  enable  it  to  resist  the  cold  medium 
to  which  it  is  exposed ;  but  this  purpose  cannot  be 
served  by  the  fatty  matter  of  cpiadnipeds,  a  large 
part  of  which  is  situated  about  the  iiitenial  viscera,^ 
We  seem,  therefore,  to  be  under  the  necessity  of 
looking  out  tor  some  other  more  important  purpose 
which  the  fat  may  serve  in  the  animal  o^conomy  ;  and 
it  has  accordingly  been  suggested,  that  the  adipose 
secretions  may  compose  a  reservoir  of  inflammable 

3  M.  Magentlic  regards  the  uses  of  fat  to  be  principally  con- 
nected with  its  physical  praperties ;  FhjsioL  t*  ii.  p*  CJI9. 

asoilT 
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matter  which  will  serve  for  the  forraation  of  carbotiie 


acid  in  the  lungs,  when  from  any  cause  there  is  % 
deficiency  of  the  usual  supply  as  derived  from  thi 
chyle.     In  ordinary  eases,  the  thoracic  duct  pourtj 
into  the  venous  trunks  a  quantity  of  chyle  sufficientj 
both  for  the  growth  and  the  nutrition  of  the  bodyjj 
and  for  the  conBumption  of  carbon  by  the  lungs,  bul 
if,  from  any  cause,  the  supply  is  insufficient,  thw 
absorbent  system  takes  up  the  adipose  matter  fromi 
its  various  receptacles,  and  introduces  it  into  th<| 
sanguiferous  system,  where  it  serves  for  the  generail 
tion  of  carbonic  acid,  and  consequent  production 
animal  heat/ 

Besides  the  fat  under  its  ordinary  forms,  and  in  it|J 
various  states  of  solidity,  the  marrow  belongs  to  tliii 
class  of  secretious,^  and  also  the  substances  which 

4  See  the  elegant  itiaygural  diftsertation  of  Dr.  8keyj  **  J 
Materia  Combustibili  Sanguinis ;"  also  Prof.  De  la  Rive,  **  1 
Calore  Animal  I/*  possini.  That  the  fat  is  the  origin  of  the 
flammable  nnalter  which  serves  to  nmintam  the  animal  heat,  ■ 
maintained  by  Mosehatip  but  his  opinion  was  obscured  bjr  mtJ 
false  reasoning  and  incorrect  experiment  |  me  Jounu  FtiJI 
t  xi.  p.  38£>. 

5  Marrow  has  lately  been  analyzed  by  Berzellus^  and  w| 
found  to  consist  of  the  following  substances  : 

Pure  adipose  matter 90 

Sktns  and  blood  vessels I 

Albumen. 

Jelly...., 

Extract. .....»,...., , 

Peculiar  matter 

Water 


Thomsau's  Cbem.  v.  iv.  p.  i87. 


100 
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produced  from  the  sebaceous  glands  that  are  found 
in  various  parts  of  the  body*  These  probably  exist 
in  a  greater  or  less  quantity  in  all  animals,  and 
impart  to  them  their  specific  odours,  many  of  which 
are  very  peculiar  and  powerful,  and  are  connected 
with  some  of  the  most  important  instincts  of  the 
brute  creation.  Among  the  oleaginous  secretions  we 
ought  probably  to  place  the  cholesterine  whicli  forms 
the  basis  of  biliary  calculi,  although  it  differs  from 
fat  in  some  of  its  chemical  relations,  and  it  may 
moreover  be  doubted  whether  it  be  not  formed  after 
the  substance  of  which  it  is  composed  leaves  the 
vessels,  and  is  simply  lodged  in  the  biliary  ducts.** 

We  have  several  other  secretions  which  owe  some 
of  their  peculiar  characters  to  the  oil  which  they 
contain*  Among  these  is  milk,  a  very  compound 
fluid,  which  is  formed  principally  of  oil  in  combina^ 
tion  with  albumen,  so  united  as  to  form  a  kind  of 
emulsion.  By  mere  rest  the  greatest  part  of  the  oil 
separates,  the  albumen  still  remaining  combined  mth 
the  water  and  the  other  ingi-edicnts,  from  which  it 
cannot  be  detached  witliout  the  intervention  of  a 
chemical  re-agent,  which,  by  coagulating  it,  renders 
it  easily  separable  by  mechanical  means.  ]Milk  like- 
wise contains  a  saccharine  matter,  whicli  assists  in 
adapting  it  for  its  appropriate  office,  that  of  nourisli- 
ing  the  young  animal  immediately  after  birth,  and 

*  See  Chevreul,  Ann.  de  Chinii  U  xcv.  p.  7. .  10,  mwl  Ann*  de 
Chini.  et  Pliys.  t.  vi.  p.  40L  Spermaceti  and  wax  are  also  adi- 
pose secretionB^  but  they  are  aat  produced  by  the  orgaois  q(  the 
human  subject. 
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may  also  have  the  farther  use  of  contributing  to 
preserve  the  milk  in  a  fluid  state,  by  rendering  the 
emulsion  of  albumen  and  oil  more  perfect.     MUk  is 
secreted  from  a  body  ivhicli  possesses  all  the  appro- 
priate parts  of  the  glandular  structure  on  a  large 
scale,  and  appears  to  be  possessed  of  a  very  elaborate 
organization.     Were  we  to  reason  from  the  analogy 
of  the  other  secretions,  we  might  be  led  to  form  a 
conclusion,  which  is  probably  very  different  from  the 
common  opinion,  that  of  the  three  substaiices  w^hich 
essentially  compose  milk,  the  sugar  is  the  one  for 
which  the  glandular  apparatus  is  more  partieularly 
required.     The  albumen  does  not  appear  to  differ 
eseentially  from  the  albuminous  part  of  the  serum, 
and  we  do  not  find  that  oil,  in  other  parts  of  the 
system,  requires  any  distinct  gland  for  its  formation, 
it  may,  indeed,  be  thought  an  objection  to  this 
idea^  that  the   kidney,    in   a  certain   morbid  state, 
acquires  the  property  of  secreting  sugar,  from  which 
it  would  seem  that  tliis  substance,  although  so  dif- 
ferent in  its  nature  from  any  of  the  constituents  of 
the  blood,  may  yet  be  formed  from  it,  without  any 
tiling  very  peculiar  or  specific  in  the  structure  of  tl»e 
secreting  organ,  so  that  we   might  be  inclined  ta 
ascribe  tlie  effect,  rather  to  some  alteration  in  the 
fluid  that  is  brought  to  the  part,  than  to  the  actioa 
of  the  organ  itself.     It  is  to  be  observed,  however, 
that  the  sugar  of  diabetes  exactly  resembles  vege* 
table  sugar,  while  the  sugar  of  milk  diflers  from  it 
in  the  proportion  of  its  elements,  and  likewise  in  the 
result  of  the  action  of  nitric  acid  upon  it>  which 
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profluc42s  Biucic  acid  with  the  sugar  of  milk/  and 
oxalic  acid  with  the  sugar  of  diabetes.^ 

f  The  ultimate  analysis  of  vegetable  sugar,  as  given  by  the 
latest  experiineals,  h  as  follows ; 


Guy-LiiH^dc       BerzelliM.  the  average 

Uid  Thtiiiiu-d.           *>f  4  proeewJrtu              ProuC  Ure. 

Hydrogen  . .      69     _ . .      HHm 6-66 fJ-J9 

Carbon 42-47  ..*.    43-125  ...,   39-99 4338 

Ojtygeii,*..   50-63 49'993 53'3S  .•.,  50-33 


rf 


lOO'OO*         lOO-OOOf  99-98 1         lOOOOj 

The  elemeDts  of  the  sugEir  of  milk  are  as  follows  ; 

mild  Ttienard*  Berxeliui. 

Hydrogen 7*S41   7*167 

Carbon   _ *.....   38*825 ,..*.,..    39-474 

Oxygen  .... ^U, ,^,...  53834 i^. . ^, .   53*359  . 


lOOOOOll  100.000^* 

It  would  appear  from  these  analyses,  that  the  sugar  of  milk 

contains  more   hydrogen  and  oxygen,  and  less  carhon,   ttian 

vegetable  sugar.  Dr.  Prout,  however,  gives  a  somewhat  different 

account  of  their  comparative  composition ;  he  says,  «'  sugar  of 

milk  yielded  very  near  the  same  results  **  with  vegetable  sugar, 

and  that  their  apparent  difference  is  •*  to  be  attributed  to  the 

influence  of  the  presence  of  minute  portions  of  foreign  matters, 

analogous, for  example,  to  what  occurs  in  the  inorganic  kingdom, 

ill  the  mineral  ciilled  arragonite;"  Med.  Chir.  Tr*  v.  viii,  p,  538. 

With  respect  to  diabetic  sugar,  Dr.  Prout  could  not  find  it  to 

differ,  in  its  ullimatc  analysis,  from  vegetable  sugar ;  p.  537. 

Dr.  Ure,  on  the  contrary,  finds  its  elements  to  be  considerably 

different ;  he  gives  the  following  proportions ; 

Hydrogen  ...,•..,.,.... 5*57 

Curbon 39*52 

Oxygen **....*•   54'9i 

lOOWtt 
A&  to  the  question  of  identity  in  this  caaei  perhaps  we  ought 

*  Hesearch- 1.  it*  p.  289.  t  Ann.  Phil,  v.  v.  p.  264, .  6. 

X  Med.Chir.Tr,  v.viii.  p.536»7.  5  Phil-  Trans,  for  1822,  p. 467. 
)l   Research,  t.  ii.  p.  293.  *»  Aun.  Phil.  v.  v.  p*  20Ci. 

tt  Pliil-  Traus.  for  1322,  ?•  iOl, 
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The  uailkfl  of  different  kinds  of  animals  hare  beenj 
minutely  examined  by  various  ehemiste,  and  althougl 
they  have  been  found  to  differ  considerably  in  ilic 
amount  of  their  solid  contents,  and  in  the  proportio*^ 
which  their  constituents  bear  to  each  other,  they  essen- 
tially agree  in  their  composition,  as  consisting  of  albu«J 
men,  oil,  and  sugar,  dissolved  or  suspended  in  a  large  , 
quantity  of  water.     In  many  cases  we  can  perceive  a 
relation  between  the  nature  of  the  milk  and  of  the) 
animal  wliich  is  to  bo  nourished  by  it,  and  we  may 
remark  generally  that  this  fluid  appe/irs  to  be  the 
combination,  of  ail  others,  the  best  adapted  for  8up*j 
plying  the  elements  of  nutrition  in  the  early  st 
of  existence,  when  there  is  a  necessity  for  a  copious  ] 
supply  of  nutriment,  while  the  digestive  organs  are] 
in  a  state  of  extreme  delicacy.     Berzelius,  who  ha 
lately  analyzed  cow's  milk,  has  found  it  to  contain] 
8  per  cent,    of  the  earthy  phosphates,  an  evident] 
provision  for  the  formation  of  bone,  while  it  would 
appear  to  differ  from  most  of  the  other  secretions 
^hich  consist  principally  of  albumen,  in  containu 
no  soda,    either   in   the   combined    or   uncombiDe 
state.*     Tlie  temporary  existence  of  tins  secretion  al 
a  period  when  its  utility  is  so  obvious,  with  its  ce 

to  depend  mom  upon  the  efTects  produced  by  nitric  acid^ 
upon  the  results  of  the  elementary  analysis.  We  are  infunnc 
by  Vogelf  Ann.  Chlm.  t.  Ixxxii.  p.  156,  that  sugar  of  milk  ma) 
be  converted  into  a  sugar  resembling  tlmt  from  vegetables,  bj 
being  digested  with  very  dilute  sulphuric  or  muriatic  acid,  th« 
furnish rng  an  additional  analogy  between  animal  sugar  and  gum  j 
Set  Thenard,  Chhn.  tJii.  p*54^.  .1. 
B  The  following  is  Berzdiiis's  aoalysts  of  skimmed  cow's  milkl 
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tion  when  no  longer  required,  mu&t  be  regarded  ag  a 
very  remarkable  example  of  the  adaptation  of  the 
system  to  the  circumstances  in  which  it  is  placed  j 
we  are  quite  ignorant  of  the  means  by  which  this 
change  is  brought  about^  or  of  the  other  changes  in 
the  system  with  which  it  is  connected. 

A  substance  which  bears  au  analogy  to  inilk»  a3 


•f 


vv  ator  •«••*••»•>•  ■•••  «•«•  ■#!•  ip**  •  *  f  *  *  m  yf'io'i^ 

Cheese,  with  a  trace  of  butter^  ...,.,•  f  ^  •. •  i  •  28*00 

Sugar  of  milk  ..*..,..,.*, * , , .  SS^OO 

Muriate  of  potqsh »  . . 1  '70 

Phospate  of  potash  , , 0*25       ^ 

Lactic  acid,  lactate  of  potaslip  and  a  trace  of 

lactate  of  iron -e^OO 

Earthy  phosphates  • , ,  ^ » , , 0-30 

iOOO'OO 
Ann*  Phil.  v.  ii,  p.  4*24-. 
From  the  above  analysis,  as  well  as  from  the  remarks  of  Ber- 
xelius  in  Med.  Chir.  Tr,  v*  iii-  p.  273- .  6',  we  find  that  milk  differs 
from  blood|  as  well  as  from  most  of  the  animal  fluids,  in  con- 
taining salts  of  potashi  in  place  of  the  salts  of  soda ;  &ee  also 
Progress  of  Anim.  Chora*  pM  1  h  .  d.  I  may  remark^  that  the 
absence  of  an  uncombiiied  alkali  in  milk  would,  on  Berzelius's 
principle,  exclude  It  from  the  clasj^  of  secretions  strictly  so 
called ;  vide  suprai  p.  S!^0>  For  the  account  of  milk|  beside  the 
above  references,  see  Parmenticr  and  Deyeux,  Joyrn.  dc  Phyg, 
t*  xxxvii*  p.  361.  et  seq. ;  Plenk,  HydroL  p,  86.  et  seq. ; 
Fourcroyi  System,  v.  ix,  p.  468*  et  seq.;  Halier,  EL  Phy8»  xxviii. 
1.  16».22;  Henry,  Elem,  v.  ii.  p.  419.  et  seq,;  Thomson's 
Chem.  V.  iv*  p.  50IL  et>eq. ;  Young,  De  Lacte,  in  Sandif.  Thes. 
t.  ii»  p.  523.  t  this  treatise,  which  was  originally  published  in 
1761,  contains  a  very  full  account  of  all  that  was  then  knowa 
upon  the  subjecti  both  with  respect  to  human  milk  and  that  of 
oUier  aoiiuals. 
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coiisistiijg  of  an  intimate  combination  of  albumen, 
and  an  oily  ingretlient,  is  tlie  cerebral  matter.  It, 
however,  differs  from  milk  in  the  albumen  api>earing 
to  be  in  a  half  coagulated  state,  as  well  as  in  its  dther 
constituents,  the  brain  containing  no  saccharine  matter, 
while  a  portion  of  the  peculiar  substance  called  osma- 
zome  is  said  to  be  found  in  it*  Vauquelin,  >vho  per- 
formed an  elaborate  set  of  experiments  on  the  cerebral 
matter,  informs  us  that  he  procured  a  quantity  of 
phosphorus  from  it ;  but  from  the  nature  of  the  pro- 
cess which  he  employed,  it  is  not  certain  whether  the 
phosphorus  might  not  have  been  in  the  state  of  a 
phosphate.  According  to  his  analysis,  rather  more 
than  one-fourth  part  of  the  solid  contents  consist  of 
a  fatty  substance,  and  nearly  one-third  of  albumen, 
the  remainder  being  composed  of  osniazome,  phos- 
phorus, acids,  salts,  and  sulpbur/^ 

The  seventh  class  of  secretions,  what  I  have 
deuominated  the  resinous,  are  in  their  chemical 
properties  considerably  similar  to  the  oleaginousi 
yet    they   appear   to  be  so  far  distinguished    from 

9  Vaur|uclin's  analysis  is  Bs  follows : 

Wattr 80- 

White  falty  matter. .  . ,  _ 4-53 

Ited  ditto 0-70 

Albutiioii , , 7<>0 

Osniaiome  .  * 112 

PlioBpUorus •*..*«..  1*5 

Acids,  m\tSf  and  sulphur  .....••:-;..  515 

10000 
Ann-  Chim,  t.  IxxxL  p.  37  ;  Ann*  Pliil  y,  I  p.  332.  ci  leq. 
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tlicra,  as  to  justify  their  being  placed  in  a  separate 
class.  Tlicy  derive  their  specific  characters  from 
an  ingredient  which  is  soluble  in  alcohol,  and  in 
various  respects  resembles  a  resin.  Of  these  the  most 
remarkable  is  the  substance  which  constitutes  the 
basis  or  specific  ingredient  of  the  bile.  Bile  is  a 
very  compound  fluid,  which  is  secreted  by  a  gland  of 
a  peculiarly  large  size  and  elaborate  structure.  In 
consequence  of  its  supposed  use  in  the  animal  ceco- 
nomy,  and  its  remarkable  chemical  properties,  bile 
has  been  frequently  made  the  subject  of  examination  ; 
but  although  various  chemists  of  the  first  skill  and 
dexterity  have  exercised  themselves  in  investigating 
its  nature,  we  still  find  considerable  discordance  in 
their  account  of  it ;  we  may^  however,  conclude  from 
them  that  it  contains  a  substance  which  is  analogous 
to  a  resin,  upon  which  its  peculiar  characters  most 
especially  depend  J  From  the  anatomical  structure 
of  the  liver  J  and  particularly  from  the  connexion  of 
its  blood-vessels  with  the  other  parts  of  tlie  sanguis 
ferous  system,  it  appears  probable  that  the  secretion 
of  bile  is  more  immediately  made  from  venous  blood, 

»  The  cbetnists  who  have  lately  turned  their  aUention  to  the 
analysis  of  bile,  are  Tbenard  and  Berzeliys  ;  the  former  published 
an  elaborate  dissertation  on  the  subject  in  1805,  in  which  he  an- 
nounced the  existence  of  a  peculiar  proxtniate  principle,  which 
gives  the  bile  many  of  its  specific  properties,  and  composes  a 
large  proportian  of  its  solid  contents  ;  to  tins  he  gave  the  name 
of  picroniel,  Mem.  d'Arcueil,  t.  i,  p.  23 ;  also  Traite,  t,  iir. 
p<5i7,  8.   He  gives  the  following  as  the  compositioo  of  ox  biJe; 
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The  vmns  that  collect  the  blood  from  the  abdoimad 

Water ,.., *700- 

Picrorael  and  resin. , S+'S 

Yelloir  maUcr,  *  ♦ , ^-5 

Soda ••»♦♦•.••..  4* 

''b  jsphate  of  ^da •,.,...,,..  2- 

Muriate  of  do,, S-2 

Sulphate  of  do ,  ^ , .  0*8 

Phosphate  of  iitne  , » , ,  1*3 

Oxide  of  iron » *,,,  trace 

800  0 
Mem.  d*  Arc.  1. 1,  p.  9^ 
The  constitution  of  human  bile  h  considerably  diflensit,  the 
ptcromel  not  being  found  in  itj  but  its  place  partly  aupplied  by 
what  is  termed  resin* 

Water 1000' 

Yellow  insoluble  matter  ••»,,.,,       2*  to  10 

Albumen , i2- 

Reftin   ., , 41* 

Soda 5-G 

Saltfi,  the  same  a«  in  ox  bile . «  . .  i'5  ;  p.  57* 
Berzelius,  however,  calls  in  question  the  accuracy  of  The^ 
Dard^s  analysis ;  he  does  not  admit  of  tlie  existence  of  tlie  rcslil 
as  described  by  Thenard,  but  attributes  the  peculiar  characteri 
of  bile  to  a  substance  vrhicrh  he  simply  denominates  bilitr| 
matter  ;  his  analysis  of  bile  is  as  folio ws ; 

Water 90T  * 

Biliary  matter , .    . .      SO  0 

Mucus  of  the  gall  bladder,  dissolved  in  the  bile       SO 
Alkalies  and  salts,  common  to  all  secreted  fluids      9*6 

lOOOO 
Ann.  Chim,  t,7L  p.  290,;    Ann,  Phil  t.  iL  p.  S77..9;  Med, 
Chin  TV.  V.  iii.  p.  241. 

Dr.  Thomson  gives  us  rather  a  different  statcmeot  of  thf 
result  of  Berzclius's  analysis^  which  is  quoted  from  his  Swcdislk 
work£ 


Reiinous  SecreHom*  367 

Tiscera^  iviiich  are  mord  immodintely  eoiieerned  in 

Water 908-4 

Picromel  .,,... *  80- 

Albumen ,  ♦  3" 

Soda.,..,, ••tit.iit.  4?'l 

Phosphate  of  lime  ••••••••••••*.••  0*1 

Cotnnion  salt  ,..,,,..,*, 3*4? 

Phosphate  of  eoda  with  sotne  lime ...  1*0 

1000  0 
Chemistry,  v.  iv.  p.  522 
Dr.  Davy's  analysis    in   Monro's  Elem.  r.  i.  p.  579,  is  as 
follows ; 

Water 86  0 

Retiin  of  bile , . , , ,   12  5 

Albumen.  ,  ♦ 1*5 


■      *»ji 
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For  a  farther  account  of  the  opinions  that  have  been  cnter- 
taineil  respecting  the  chemical  constitution  of  bile,  the  reader 
maj  consult  BagliTi,  Diss.  3.  circa  Bitem ;  Mailer,  EL  Phys. 
xxiii.  3.  2. .  20 1  Fourcroy,  System,  v.  x*  p.  17*  etseq. ;  Thomson, 
Chem*  V.  iv.  p. 518.  et  seq« ;  Thenardi  Chim*  L  iii.  p.  698.  etseq.; 
Henry,  Elenn  v.  ij.  p.  412.  ct  seq.  j  Plenk,  HydroL  p- 110.  et 
seq.  t  Blamenbach,  Insl.  Physiol,  sect.  25.  For  ao  account  of 
the  liver  and  its  secretion  see  Sffimmering>  Corp.  Hum.  Fab. 
t.  vi.  §  84-.  p.  1G3. 

Dr,  Thomson  has  analysed  picromel  by  means  of  the  peroxide 
of  copper,  and  found  it  to  consist  of  ttic  following  ingredients ; 

Carbon , , .    54-53 

Oxygen ...,,....   ^^^S 

Hydrogen *  • 1'82 

10000 
The  sybslancc  upon  winch  he  operated  was  procured  by  pre- 
cipitating bile  with  sulphuric  aciil ;  the  acid  was  separated  by 
carbonate  of  harytes,  and  the  fluid  evaporated.  What  he  ob- 
tuincd  would  tlicreforc  bii  •' the  biliary  matter '*  offierzelius; 
Ami,  Phy.  v«  xlv,  p.  70t 
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the  process  of  digestion,-  unite  together  into  a  larg 
trunk,  which  is  named  the  vena  porta? ;  this  entei 

*  Jacobson,  of  Copenhagen,  has  made  some  interesting 
servationi  on  the  comparative  anatomj^  of  the  venous  system 
birds,  reptiles^  and  fishes,  whicli  tend  to  illustrate  this  point] 
Edin.  Med,  Journ,  v.  xix.  p,  78,    This  distribudoo  of  the  vei' 
is  well  displayed  in  Dell's  Dissect.  pL  4-.  fig.  1 ,    The  case  whl 
is  related  by  Mr.  Abernethyj  Phil.  Trans*  for  1793,  p*  59. 
seq,,  where  tlie  vena  portac  terminated  in  the  vena  cava ;  ai 
one  by  Mr,  Wilson,  where  an  unusual  termination  of  Uie  ve 
ports  was  likewise  observed,  Monro,  (3*.)  Elera,  v.  i.  p.  56*, 
only  prove  that  the  elements  of  bile  may  be  obtained  from  arti 
rial  blood.  See  the  remarks  of  Mr,  C,  Bell,  Anat*  v,  iv.  p.  121, 
and  of  Dr.  Fleming,  Phil,  of  ZooL  v,  I  p,  327*    Bichat  xegularl' 
discusses  this  question;  but  as  the  arguments  which  he  addui 
in  favour  of  the  opiuion^  are  very  hypotlieltcaU  it  was  not  diffi 
to  find  answers  to  them;  Ai^at.  Gen.  art*  6.  t   1.  p.  406. 
Among  the  earlier  anatomists,  one  of  the  most  minute  accoual 
that  we  have  of  the  liver  and  its  functions,  is  by  Gli^sson ;  A 
toraia  Hepatis.     He  discusses  at  length  the  question  conccrnji 
the  excrementitious  nature  of  the  bile,  and  concludes  in  favo^ 
of  the  doctrine ;  c.  38.  et  ahbi.     Another  point  which  be  ?ei 
minutely  examines,  is  respecting  the  connexion  between  the  gi 
bladder,  and  the  other  parts  of  the  hepatic  system ;  the  mode 
which  the  bile  is  conveyed  into  and  out  of  this  receptacle,  wni 
problem  that  the  older  anatomists  found  it  very  diiHcult  tosolT( 
Gliitson  states  in   detail  the  hypotheses  of  Laurens,  Fallopi* 
Barthohn^   Riolan,  and   others,  winch  he  formally  discufi»es 
C.  17,-20,     See  on  th*t  subject   Scemmcring,  t.  vi,    §    lOll 
p.  19^,  5.     Before  Harvey's  discovery    of  the  course   t^f  i 
circulation,  the  peculiar  distribution  of  the  blood  vessels  of 
liver  led  to  the  opinion  that  thist  organ  was  to  be  regarded 
the  part  whence  the  venous  gystem  took  its  origin.  Sicmmi 
L  vi.  i84.  p.  181.,  3,  and  Monro,  (3*,)  E!em.  ▼.  i.  p.  56S 
seq,   offer  various  considerations  in  favour  of  the  > 
the  vessels  connected  with  the  vena  portae^  secrete 
also  Blumcnbach,  Inst.  Phjfsiol.  %  -VJl. 
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the  liver,  and  divides  into  numerous  branches,  that 
are  distributed  through  all  its  substance.  The  minute 
ramifications  of  these  vessels  terminate  partly  in  the 
hepatic  ducts,  %vhich  contain  the  bile,  formed,  as  it 
thus  appears,  from  this  venous  blood,  while  the  rest 
of  it  passes  off  by  the  hepatic  veins,  and  is  trans- 
mitted by  the  ordinary  course  of  the  circulation  into 
the  vena  cava,^  Nothing  certain  is  known  respect- 
ing the  mode  in  whicli  venous  blood  is  converted 
into  bile,  but  there  are  certain  facts  arid  analogies, 
which  would  lead  us  to  conceive,  that  it  is  more 
^particularly  derived  from  tlie  red  particles,  and  that 
the  conversion  is  effected  by  the  addition  of  oxygen 
to  these  bodies. 

The  great  size  of  the  liver,  and  the  peculiar  nature 
of  the  fluid  which  it  secretes,  has  naturally  led  to 
various  conjectures,  respecting  its  relation  to  the 
general  actions  of  the  system,  many  of  which  are 
palpably  incorrect,  and  founded  upon  fundamentally 
erroneous  doctrines.  It  was  a  favourite  opinion  of 
some  of  the  older  physiologists^  that  the  bile  was  a 
j  highly  putrescent  fluid,  and  they  supposed  that  one 
principal  ose  of  the  liver  was  to  carry  off  from  the 
system  all  the  matter  which  was  disposed  to  the 
putrid  fermentation*  By  the  modern  physiologists, 
the  bile  has  been  supposed  to  be  immediately  usefid 
in  promoting  the  process  of  digestion  ;*  and  it  is  very 

3  BelPfi  Dissect,  p,  22 ;  the  iiguress  in  plate  4-  of  this  work« 
present  an  excellent  view  of  the  vascular  system  of  these  organs- 

*  The  purposes  that  the  bile  was  suppo^jed  by  the  earlier 
physiologifits  to  serve  in  the  animal  cecouoiny,  are  \ery  numer- 
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probable  that  this  is  the  case,  but  there  are  various 
pathological  considerations  which  induce  us  to  regard 
the  bile  as  essentially  an  excrementitious  substance, 
although,  in  conformity  with  the  usual  operations  of 
the  animal  ccconomy,  some  other  important  purpose 
may  be  served  by  it.  When  the  venous  blood  be- 
comes loaded  with  inflammable  matter  which  can- 
not be  discharged  from  tlie  lungs,  principally  in  con- 
sequence of  the  high  temperature  to  wluch  the  animal 
is  exposed,  and  when,  firom  certain  causes^  one  of 
which  appears  to  be  the  increase  of  cutaneous  per- 
spiration, this  excess  of  inflammable  matter  is  not 
employed  in  the  deposition  of  fat,  the  liver  wouU 
appear  to  be  the  organ  by  which  it  is  removed.  Jn 
ordinary  cases,  the  quantity  discharged  is  small,  pro- 
bably  no  more  than  what  is  sufficient  to  preserve  the 
li%^er  in  its  healthy  state,  and  to  perform  the  secondary 
objects  to  which  the  function  is  subservient;  but  whe% 
from  a  conjnnction  of  circumstances,  there  is  an  exdes 
of  inflammable  matter,  its  accumulation  is  prevented 
by  an  increased  discharge  of  bile. 

Another  very  important  secretion,  which  may  ht 
classed  under  the  head  of  the  resinous  lioilies,  is  the 
luea,  or  that  substance  which  constitutes  the  pecttEir 
or  specific  ingredient  in  the  urine.  The  urea  dfls 
not  indeed  possess  the  characters  of  a  resm  in  so  lE^ 
markable  a  degree  as  the  biliary  matter,  but  it  sp- 
oils^ bat  M  they  are,  for  the  most  part,  quite  bypoAelledi  it 
wiU  aot  be  necessary  to  examine  tiiem  in  detail ;  it  nsy  bft  M^ 
iicient  to  refer  to  Boerhaave,  Prcekct.  ^  99.  cum  IMI^  tl 
p«  21S.  et  seq. ;  and  to  Haller,  EL  Phys*  xsiiL  S.  92.  .S5. 
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preaches  mere  nearly  to  this  class  than  to  any  of  the 
rest.  It  ought  probably  to  be  regarded  fitill  more 
than  bile,  in  the  light  of  an  excrementitious  snb- 
stance  ;*  for  although  it  may  serve  other  secondary 
purposes  in  the  oecouomy,  there  seems  sufficient  reason 
to  believe,  that  its  primary  use  is  to  discharge  from 
the  system  a  quantity  of  matter  which  is  noxious,  or 
at  least  superfluous.  There  is  this  peculiarity  in  the 
chemical  nature  of  the  urea,  that  it  contains  a  very 
large  proportion  of  nitrogen,  so  as  to  make  it  appear 
that  the  kidney  is  the  outlet  provided  in  the  consti- 
tution, by  which  any  excess  of  nitrogen  is  removed, 
or  its  accumulation  prevented. 

The  quantity  of  nitrogen  which  is  discharged  in 
the  form  of  urea  is  so  considerable,  even  in  animals 
%rhose  food  does  not  essentially  contain  this  element, 
that  we  are  led  to  inquire  in  the  first  place,  how  it  is 
introduced  into  the  system,  and  secondly,  what  piur* 
pose  can  be  served  by  its  introduction,  when  it  ap- 
pears to  be  discharged  again  almost  as  rapidly  as  it 
is  received.     While  it  was  thought  that  the  stomach 

4  Beradiui  iupposcs  that  there  exists  in  various  parls  of  tlic 
body  a  peculiar  gub stance  which  ifi  formed  of  decayed  or  decona-* 
po&od  apimal  niattei\  ujutcd  to  lactic  acid  or  to  some  of  the 
lactates;  that  this  compound  is  taken  up  by  the  absorbents, 
carried  to  the  blood,  and  afterwards  discharged  bj  the  kidney ; 
View  of  Animal  CbcniiBtry,  p.  16,  82*  We  may  suppose  this 
subfitance  either  to  be  identical  with|  or  to  bear  a  near  relation 
to  the  animal  matter  which  is  in  the  Fcrosity  of  the  blood, 
Blumeobach  places  tlie  fluid  of  perspiration  and  the  urine  in  the 
same  class  of  excrementitious  substances ;  Inst.  Fhys,  sect*  3^. 
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was  the  only  channel  through  which  nitrogen  was 
introduced,  there  was  great  diflSculty  in  accounting 
for  the  quantity  of  it,  which  was  obtained  by  the 
graminivorous  animals  ;  but  this  diflBculty  is  at  least 
diminished,  if  not  removed,  upon  the  supposition 
that  nitrogen  may  be  absorbed  by  the  lungs.  And 
with  respect  to  the  second  question,  it  may  be  suffi- 
cient, in  this  place,  to  reply,  that  from  the  great 
importance  of  the  fibrin,  as  the  source  and  origin  of 
the  muscles,  and  the  seat  of  contractility,  it  was  of 
the  first  importance  to  have  a  supply  of  nitrogen  for  its 
preparation,  and  that  to  ensure  a  sufficiency  of  it  in 
every  case  of  emergency,  there  must  necessarily  be,  in 
most  instances,  an  excess  of  it,  which  excess  is  carried 
off  by  the  kidney. 

Tlie  apparatus  by  which  the  urea  is  secreted,  is  of 
comparatively  small  size,  but  is  complicated  and  ela- 
borate in  its  structure,  containing  all  the  parts  that 
arc  e^er  found  in  the  comiMsition  of  a  gland.  The 
kidney,  like  the  liver,  may  be  classed  among  the 
compensating  organs,  or  among  those  which,  iude* 
pcndently  of  any  usefid  office  which  they  may  habi- 
tually perform,  have  their  actions  occasionally  in- 
creased for  the  purpose  of  supplying  the  deficia^icies 
of  other  parts.  Thus  wlien  a  larger  quantity  of  fluid 
is  received  into  the  stomach  than  can  be  imbil)ed  bjr 
the  absorbents, the  residue  is  carried  oflTby  the  kidney; 
and,  in  like  manner,  if  the  usual  discharge  from  the 
lungs  or  the  skin  is  prevented  from  taking  place,  wc 
frequently  observe  that  the  kidney  supplies  the  place 
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of  these  organs^  Besides  the  urea,  the  urine  contains 
several  other  substances,  and  particularly  a  great 
variety  of  salts,  both  earthy  and  neutral,  which  will 
belong  to  the  next  class  of  secretions,® 

With  respect  to  the  relation  which  the  urea  bears 
to  the  other  parts  of  the  blood,  before  we  can  form 
any  decisive  conclusion  on  this  point,  it  will  be 
necessary  to  determine  how  far  we  are  to  admit  of 

7  Lining  found  that  the  quantity  of  the  urine  in  stimmer  was 
to  that  in  winter^  taking,  in  each  case*  the  average  of  30  days, 
as  1  to  203;  PhiL  Trans,  for  1743,  p.  509.  The  proportion  of 
the  urine  to  the  perspiration  in  July,  was  as  977  to  1941  ;  in 
January,  as  1846  to  1006  ;  Ibid,  for  1745,  p.  321.  Stark  found 
the  quantity  of  urine  in  the  day,  to  that  in  the  night,  during 
equal  times,  to  be  in  the  proportion  of  about  1  -8  to  2"7  ;  Works, 
p*  17B;  but  his  experimenta  were  performed  under  such  pecu- 
liar circumstances^  that  we  can  scarcely  draw  any  general  con- 
clusions from  them.  He  found  the  perspiration  during  ibe  day 
to  be  rather  greater  in  weight  than  the  urine,  while,  during  the 
night,  its  weight  was  not  half  that  of  the  urine ;  Ibid. 
.  **  Dr.  Henry  has  announced  the  following  list  of  substances, 
ai having  been  **  satisfactorily  proved  to  exist  in  healthy  urine;" 
Elements,  v»  ii.  p.  4-35,  6. 

Water.  Albumen. 

Free  phosphoric  acid.  Lactate  of  atnmonin. 

Phosphate  of  lime,  Sulphate  of  potasli* 

Ditto  of  magnesia.  Ditto  of  sada» 

Fluoric  acid,  Fluate  of  lime. 

Uric  acid.  Muriate  of  soda. 

Benzoic  acid*  Phosphate  of  soda. 

Lactic  acid.  Ditto  of  ammonia. 

Urea.  Sulphur. 

Gelatin.  Si1ex« 

:,  According  to  Berzelius,  the  constitution  of  the  urine  is  as 
Mlows  ;  Ann»  Phil,  v.  il  p.  423, 


I 

I 

1 


nii 


374  Resinous  Secretions^ 


the  speeulatioHB  of  BerzeliuB,  and  of  the  coudttsiofD 
which  PreTost  and  Dumas  deduce  firom  their  espe- 
rimenta* 

Water .•..#.♦.•••  d$S<X> 

Urea .•• ,..  30-10 

Sulphate  of  potash 3'71 

Ditto  of  soda 3*1(5 

Phosphate  of  soda  • Mi 

Muriate  of  soda  .......*.., i-iS 

Phosphate  of  ammonia 1*65 

Muriate  of  ammonia •  •  •  ■ 1*50 

Free  lactic  acid  .,. **,, 

Lactate  of  ammonia ,.,.••.., 

Animal  matter  soluble  in  alcohol , . , , . 

Urea  not  separable  from  the  preceding  j 

Earthy  phosphates  with  a  trace  of  Buate  of  Ume  -  •  1*00 

Lithic  acid , 1<X) 

Mucus  of  the  bladder ♦ 0*S2 

Silex , 005 

1000-oa 

In  some  minute  points  tlicse  two  accounts  do  not  coincide, 
but  they  sufficiently  agree  respecting  the  general  nature  of  tte 
urine,  and  especially  in  the  great  number  of  its  ingr^dnMll^  i 
circumstance  which  i»  a  strong  confirmation  of  its  exerementi* 
tious  nature,  as  a  general  outlet  for  whatever  is  not  required  ia 
the  system.  It  must  be  confessed,  however,  that  there  ii  a  fact 
in  comparative  physiology,  which  is  adverse  to  the  excreocnti- 
tious  nature  of  urine ;  1  allude  to  the  observation  of  X}r*  Divjr, 
Phih  Trans,  for  1818,  p.,  305,  that  the  urine  of  terpeiilt  aad 
lizards  consists  of  nearly  pure  lithic  acid.  A  tabitaact  wtf 
examined  by  Dr.  Frout,  which,  according  to  the  iuforattidO 
that  he  received,  wa*  the  only  species  of  excrement  llitt  wm 
discharged  by  the  boa  con&trictor ;  but  the  remarks  af  Df. 
Davy,  in  the  paper  referred  to  above,  lend  qs  to  cmmiit  it 
probable,  that  it  was,  at  least  ia  a  great  meaiiire^  derived  AiH 
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The  object  whidi  they  had  in  view  was  to  ascer- 
taiB  the  nature  of  the  changes  whicli  are  effected  in 

tht  kidney*    Dr,  Prout's  analysia  Is  as  follows  j  100  parts  were 

found  to  consist  of 

Lithic  acid ' 90*16 

Potash 345 

Ammonia, . .  - 1'70 

Sulphate  of  potash,  with  a  trace  of  muriate  of  soda.      *95 
Phosphate  of  Ume  ■% 

Carbonate  of  ditto    V -W 

Magne&ia J 

.    Animal  matter,   consisting  of  raucus  and  a  little 

colouring  matter * , - .     2*94* 

100-00 
Ann*  PhiK  v.  v.  p.  I-IS* 
From  some  later  observations  by  Dr.  Davy,  we  have  reason  to 
suppose  that  the  urine  of  toads  and  frogs  differs  from  that  of  ser- 
pents and  h'zards,  and  more  resembles  the  urine  of  the  mammalia, 
in  containing  urea ;  Phil.  Trans,  for  i  82 1 ,  p.  98.  The  author  adducet 
various  considerations  which  lead  to  the  conclusion,  that  the 
nature  of  the  urine  depends  more  upon  the  specific  action  of  the 
kidney  than  upon  any  pecuharity  in  the  diet ;  PhiL  Trans,  for 
1810,  p.  99.  We  have,  however,  the  observations  of  Dr.  Wol- 
laston  on  the  urine  of  birds,  which  leads  us  to  the  opposite 
conclusion ;  for  he  found  the  proportion  of  lithic  acid  in  the 
excrements  of  difterent  birds  to  vary  from  a  rvu  part,  in  a  goose 
which  fed  entirely  upon  grasS)  until,  in  birds  which  took  animal 
food  alone,  it  composed  the  greatest  pait  of  the  whole  mass* 
Besides  the  above  substances,  which  Dr.  Prout  conceives  to  be 
essential  to  liealthy  urine,  he  enumerates  the  following,  as  occa- 
sionally found  in  certain  morbid  conditions  of  the  system  : 
**  Nitric  acid,  various  acids  formed  from  the  lithic,  oxalic  acid, 
benzoic  acid,  and  carbonic  acid,  xanthic  oxide,  cystic  oxide, 
Prussian  blue?  sugar, bile, and  pus;"  lotjuiry  into  Diabetes,  &c, 
p*5* 
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tlic  blood   by  secretion,  and  for  this  purpose  they  , 
removfed  the  kidneys  from  a  living  animal,     '^hiip^ 
operation  was  not  productive  of  any  immediate  injury 
to  the  functions,  but  in  a  few  days  various  mor 
symptoms  arose,  which  seemed  to  indicate  an  inflar 
matory  state  of  the  system.    The  blood  w*as  carefuUi 
examined  after  death,  and  was  found  to  contain 
much  gi-eater  quantity  than  ordinary  of  the  aiiir 
matter  which  enters  into   the   composition   of  tl 
serosity,   and  by  subjecting   this  substance   to  tk 
action  of  various  re-agents,  and  also  by  reducing : 
to  its  ultimate  elements,  it  appeared  that  it  exaetlj 
resembled  urea,  so  as  to  lead  the  authors  to  conclud 
*^  that  the  urea  of  the  blood  is  identical  with  that 
the  urine/* ' 

9  Ann*  Chlm,  et  Phyg.  t.  xxiii.  p.  90.  et  fceq.     The  folUwia 
is  the  analyEiH  of  the  urea  procured  from  the  blood  of  one  of  I 
dogs  that  had  had  the  kidneys  extirpated : 

Nitrogen « .  * *   42-23 

Carbon,. ,,. .,    1823 

Hydrogen -  - .      9*89 

Oxygen.  .., ...*...»«* 29*65 

100  00 
This  does  not  diifer  very  much  from  Dr.  Prout's  analy&u 
urea ; 

Nitrogen 4-6*66 

Carbon - 19-99 

Hydrogen , , 6'66 

Oxygen 26-66 

99-97 
Med.  Chir.  Tr,  v.  viiL  p.  53S 
1  may  observe,  with  res^pect  to  the  result  of  the  experioiaiti 
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The  experiments  of  the  Genevese  physiologists, 
which  seem  to  be  countenanced  by  some  lately  per- 
formed at  Tubingen,^  would  lead  us  to  the  opinion, 
that  the  serosity  is  the  part  of  the  blood  from  which 
the  urea  is  more  particularly  derived,  or  rather  that 
these  substances  are  nearly  identical,  so  as  to  give 
the  kidney  the  mere  office  of  separating  the  urea 
from  the  mass  of  blood,  in  which  it  existed  ready 
formed.^     I  conceive  that  the  facts  of  which  we  are 
in  possession,  however  valuable  and  interesting,  will 
scarcely  entitle  us  to  go  the  full  length  of  this  con- 
clusion, but  still  I  think  it  highly  probable  that  an 
intimate  relation  subsists  between  the  serosity  of  the 
blood  and  the  urea.     We  are  indebted  to  Dr.  Prout 
for  some  very  curious  observations  respecting  the  con- 
nexion betiveen  the  urine  and  the  digestive  organs, 
which  show  in  how  great  a  degree  the  chemical  pro-* 
perties  of  the  former  depend  upon  the  condition  of 
the  latter;  but  these  will  be  considered  with  more 
propriety  in  the  next  chapter. 

The  cerumen,  or  ear*wax^  as  it  is  termed,  would 

ofMM.  Frevost  and  Dumas,  that  HaDer  mamtaiu&  the  possU 
biJily  of  urine  being  produced  after  the  destruction  of  the 
kidney  ;  El.  Phyg,  viu  I . .  9, 

»  Edin,  Med.  Journ.  v.  xii.  p,  l-TS.  et  seq. 

*  M*  Berard  remarks  that  the  secretion  of  urine  appears  to 
have  for  its  object  the  separation  of  the  excess  of  azote  from 
the  bloody  as  respiration  separates  froio  it  the  excess  of  carbon  ; 
Ann.  Chini*  et  Fbys.  t.  w.  p,  296.  It  is  an  ingenious  observation 
of  Berzeliusy  to  which  Dr.  Prout  is  disposed  to  consent,  that  one 
great  purpose  whicli  is  served  by  the  kidney,  is  the  acidification 
of  the  coustiiuentfl  of  the  blood;  Inquiry,  p,  31. 
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appear,  from  tlie  aiial)^is  of  VauqucHn,  to  haTe  a 
relation  to  the  resinous  secretions  f  and  there  are 
some  substances  derived  from  different  species  of 
animals,  as  civet,  musk,  and  castor,  lyhich  may  be 
placed  in  the  same  class/  We  must  also  reler  to 
this  class  the  peculiar  substance  which  was  fir«t 
pointed  out  as  a  distinct  animal  principle  by  Ronelle, 
and  was  afterwards  more  accurately  examined  by 
Thenard^  ^lid  named  by  him  osmazome*^  It  was 
originally  procured  from  the  muscular  fibre,  of 
wliich  it  forms  one  of  the  component  parts,  and 
appears  to  be  that  ingredient  upon  which  the  peculiar 
flavour  and  odour  of  the  flesh  of  animals  principally 
depends.*^  According  to  some  experiments,  of  which 
we  hare  the  detail  in  three  dissertations  lately  pub< 
lished  at  Tubingen,  by  GstU,  Gmelin,  and  Wienholt,^ 

J  Fourcroy»  Sy&temi  by  Nicholson,  v>  ix.  p*  4-51.  el  ieci-i 
Thomson,  Chera,  v*  iv.  p,  523- 

We  have  a  valuable  jvaper  by  Dr*  Haygartli  on  this  subject, 
the  principal  object  of  which  is  to  point  oat  the  best  menus  of 
dblodging  it  from  the  car  when  it  has  accumulated  there  is  an 
excessive  quantity;  we  should  be  induced  from  his  experiments 
to  conclude  tliat  a  considerable  proportion  of  it  codm&Is  of  i 
mucous  ftubstancet  depending,  however,  for  itt  ipecific  pro* 
perties  upon  a  body  resembling  the  re«ia  of  the  bile  ;  Med.  Ob». 
and  Inq.  v.  iv.  p.  IDS.  etseq* 

4  Thomson^  Chem.  v.  iv.  p.  441.  etseq. ;  Theoardp  Cbem* 
I.  iii,  p.  777*  et  seq, 

>  XtkOOtfOQf  Chem*  v.  iv.  p.  425  ;  Henry,  Elem.  t.  ii.  p.  465. 
.  ^  BafMlilllt  however,  doubts  whether  osmazome  is  to  b#  rt- 
garded  a^  a  distinct  proximate  principle;  be  seema  lo  considtf 
it  as  a  compound  of  animal  matter  with  lactate  of  aoda  i  Aww 
Phil.  V.  iii,  p.  201,  Dote. 

1  Ed.  Med.  Jouro.  t.  adi.  p*  475.  ct  seq. 
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osmazome  is  found  in  most  of  the  companeBt  parts 
of  the  body,  as  well  solids  as  fliuds,  although  in  very 
different  proportions.  It  was  found  by  G&ell  to  be 
much  more  copious  in  the  muscles  than  in  the  bones 
and  tendons,  and  in  the  muscles  of  old,  than  in  those 
of  young  animals.  Cimeliu's  experiments  were  par^ 
ticularly  directed  to  the  composition  of  the  kidney ; 
he  examined  this  organ  in  the  human  subject^  in  the 
ox,  and  in  the  rat,  and  the  result  was,  that  a  consi- 
derable proportion  of  osmazome  was,  in  all  cases, 
detected  in  the  different  parts  of  it,  along  with 
various  neutral  and  earthy  salts* 

Weiuholt  extended  his  examination  to  other  parts 
of  the  body,  and  found  them  all  to  contain  certain 
portions  of  this  substance.  Some  of  the  most  important 
of  his  results  are  on  the  comparative  quantity  of 
Dsmazome,  procured  from  blood  as  taken  from  dif- 
ferent vessels;  the  greatest  quantity  was  obtained 
from  the  vena  portal,  a  smaller  quantity  from  the 
vena  cava,  and  least  of  all  from  the  aorta.  He 
seems  to  consider  the  animal  matter  in  the  serosity 
as  a  compound  of  osmazome  and  urea,  an  opinion 
which  nearly  coincides  with  that  maintained  by 
Prevost  and  Dumas,*  This  view  of  the  subject,  to  a 
certain  extent,  countenances  the  idea  of  Berxelius, 
that  the  serosity  consists  of  decomposed  matter, 
which  is  carried  into  the  blood-vessels,  in  order  to  be 
afterwards  removed  from  the  svstem,  while  it  tends 
,to  throw  some  doubt  upon  the  correctness  of  the 


B  Ami.  de  Chim.  ct  Fhys.  U  xxiii*  p.  94^ 
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deductions  made  by  Prevost  and  Dumas  from  their 
experiments,  so  far  as  respects  the  theory  of  secretioarj 
generally.^  f 

The  eighth  and  last  class  of  secretions  are  the 
saline^  a  very  numerous  set  of  bodies,  which  are  found 
dispersed  over  every  part  of  the  system,  and  more  or 
less  mixed  with  almost  all  its  constituents.  They 
consist  of  acidsi  alkalies^  and  neutral  and  earthy  salts.\ 

9  The  obfiervatbna  of  Jiicobson  referred  to  above,  p.  368^  oa 
the  comparative  anatomy  of  the  venous  system  of  the  abdominal 
viftceraj  tend  to  show,  that  there  is  some  connexion  between  the 
functions  of  the  liver  and  the  kidney,  and  might  lead  us  ta 
suppose  that  these  organs  are  both  of  them  rather  excrement!^ 
tious  than  secretory.  That  there  is  some  connexion  between 
the  functions  of  the  liver  and  the  kidney  seems  to  be  proved  by 
ft  singular  circumstance  stated  by  Mr.  Rose ;  Ann.  Phil.  v.  t* 
p.  424^*.?;  confirmed  by  Dr.  Henry,  Ibid.  v.  y|.  p,  SW,  St 
that  in  hepatitis  there  is  no  urea  secreted  by  the  kidiiey^  Should 
this  be  found  to  be  a  general  occurrence,  it  would  seem  to  iodt- 
cate^  that  in  some  way  or  other^  the  secretion  of  the  bile  it  % 
preliminary  step  to  that  of  the  urea,  but  we  do  not  possess  iny 
data,  either  anatomical  or  pathological,  which  can  enable  as  to 
determine  how  this  preliminary  change  is  effected. 

*  The  following  acids  are  generally  recognized  ai  enteriug 
into  the  composition  of  animal  isubstance^,  for  the  most  part, 
however,  in  combination  with  an  alkaline  or  earthy  basis ;  the 
phosphoi'ic,  the  muriatic,  the  sulphuric,  the  fluoric,  the  Hthtc« 
the  lactic,  the  benzMc,  the  carbonic,  and  the  oxalic,  as  existing 
in  certain  species  of  urinary  calculi.  To  these  we  may  add 
some  others  of  more  doubtful  existence,  such  as  the  rosacic  and 
the  amniotic ;  there  are  abo  other  acids  which  we  obtain  in  our 
examination  of  animal  substances,  as  the  prusslc,  and  the  mucici 
which  appear  to  be  generated  during  the  process.  Soda*  potash* 
and  ammonia,  are  all  found  in  the  animal  fluids,  the  soda  alono 
in  the  uucouibijied  state.    Of  lli^  earths,  lime  is  by  far  the  mosi 
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"The  most  important  of  these,  hoth  from  tlie  quantity 

in  which  it  exists,  and  its  uses  in  the  system,  is  the 

phosphate  of  lime*  which  constitutes  the  earthy  matter 

of  the  hones,  giving  them  their  hardness  and  soUdity, 

aud  composing  a  large  part  of  their  suhstance ;  but, 

.with  the  exception  of  the  bones,  the  fluids  generally 

.contain  more  saline  matter  than  the  solids.     A  cer- 

,tain  quantity  of  salts  is  always  present  in  the  blood, 

and  it  would  appear  that  the  class  of  albuminous 

secretions  contain  nearly  the  same  kind  of  salts,  and 

in  the  same  proportion,  and  this,  as  I  remarked  above, 

^without  any  exact  relation  to  the  quantity  of  animal 

'matter.     The   proportion   of  saline  matter   that  is 

attached  to  the  solid  albuminous  secretions,  and  to 

e  gelatinous,  is  much  smaller ;  the  pure  oleaginous 
secretions  appear  to  be  entirely  destitute  of  any  saline 
imprec^nation,  while,  on  the  contrary,  the  compound 
oleaginous  secretions  contain  it  in  considerable  quan* 
tity-  It  is  found  still  more  plentifully  in  the  resinous 
secretions,  and  more  especially  connected  with  the 
urea,  in  the  urine,  where  we  meet  with  the  greatest 
wriety  of  salts,  and  where,  with  the  exception  of  the 
lx)nes,  the  saline  substances  exist  in  the  greatest  pro- 
portion of  any  part  of  the  body* 

It  has  been  supposed  that  a  reference  to  the  nature 


I         abundant ;  magnesia  Is  found  in  small  quantity^  and  alio  sWex* 

I  Sulphur,  pliosphorus,  iron,  and,  according  to  Vauquelin,  Nichol- 
son's Journ,  V.  XV,  p.  H5,  manganese,  appear  also  to  exbt  in 
•oQie  0f  the  constituents  of  the  animal  body,  which,  although 
irot  properly  saline^  may  be  conveniently  placed  in  this  elms, 
Tn  consequeaCe  of  tiieir  relation  to  the  salt**  * 
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and  quantity  of  the  saline  substances  that  are  found 
in  the  secretions,  might  enable  us  to  form  a  natural 
classifieation  of  them,  which  would  throw  some  light 
on  the  mode  of  their  production,  and  even  on  the 
nature  of  secretion  in  general.     Upon  a  principle  of 
this  kind,  Berzelius  divided  all  these  bodies   into 
secretions  and  excretions,  the  first  being  always  eiden- 
tially  alkaline,  and  the  latter  acid  ;^  but  tlii«,  I  eoii- 
ceive,  would  exclude  many  substances  to  which  the 
title  of  secretion  strictly  belongs*     It  does  not  ap- 
pear to  me  that  we  can  lay  do^^n  any  arrangement  of 
this  description,  which  will  apply  to  all  the  sulmtances 
in  question,  but  there  may,  perhaps,  be  a  foundation 
for  a  division  of  them  into  four  classes :  1.  Those 
that  are  nearly  without  any  mixture  of  salts ;  2,  Those 
which  possess  a  definite  quantity  of  salts,  and  this 
different  from  what  exists  in  the  blood ;  3.  Those 
containing  salts,  similar  both   in  their  nature  and 
quantity  to  those  in  the  blood  ;  and  4.  Such  as  con- 
tain salts  different  from  those  in  the  blood,  and  which 
are  also  variable  in  quantity.     The  fat,  the  sn\i\% 
the  Huid  discharged  from  the  serous  membranes,  and 
the  urea,  may  be  taken  as  an  example  of  each  of  these 
divisions.     If  we  inquire  in  what  way  we  are  to  con^ 
nect  the  constitution  of  these  substances  with  the 
supposed  mode  of  their  production,  we  may  consider 
the  two  first,  as  the  effect  of  proper  secretion,  where 
a  substance  that  did  not  previously  exist  is  elaborated 
by  the  action  of  the  vessels;  the  third,  of  trausudatioBj 

*  View  4»f  Animai  Chemistry,  p«  61,  M* 
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where,  in  consequence  of  an  operation,  that  is,  in  a 
great  measure,  Bicchanical,  a  certain  portion  of  the 
blood  is,  by  a  kind  of  filtration,  strained  off  from  the 
mass ;  while  the  fourth  will  constitute  the  excretions, 
substances  which  consist  of  the  residual  mass  of  the 
blood,  after  the  secretions  and  transudations  have 
been  removed  from  it.  If  we  apply  this  principle  to 
the  secretions  as  we  have  found  thera  actually  to 
exist,  we  must  consider  the  solid  albuminous,  the 
gelatinous,  and  the  simple  oleaginous,  as  the  only 
substances  belonging  to  the  first  class ;  the  mucous, 
the  fibrinous,  and  the  compound  oleaginous  to  the 
second ;  the  liquid  albuminous  will  belong  to  the 
third ;  while  the  aqueous  and  the  resinous  will  be 
placed  in  the  fourth, 

A  very  curious  and  important  physiological  ques- 
tion here  presents  itself  respecting  the  origin  of  these 
salts,  and  more  especially  concerniTig  the  earth  of 
bones,  whether  it  is  actually  formed  in  the  body^  or 
whether  it  is,  in  the  first  instance,  received  into  the 
system  along  with  the  aliment,  and  after  being  con- 
veyed into  tiie  blood  is  separated  from  it,  and  gra- 
dually accumulated  in  the  different  organs,  of  which 
it  afterwards  forms  a  constituent  part.  The  question 
becomes  particularly  interesting  as  it  respects  the 
physiology  of  some  of  the  inferior  orders  of  animals, 
and  the  connexion  which  they  have  with  certain  geo- 
logical phenomena.  A  great  proportion  of  the  sub- 
'Stance  of  several  of  the  testacea  and  Crustacea,  consists 
i)f  carl>onate  of  lime,  and  it  appears  probable  that 
many  of  the  large  calcareous  strata  which  exist  in 
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differeot  parts  of  the  world,  have  originated  from  the 
detritus  or  decomposition  of  these  aniraals.     We 
then  naturally  led  to  inquire  what  is  the  origin 
this  lime  ?  Did  it  exist  in  some  other  form  previoii 
to  the  creation  of  these  animals^  did  they  receive 
iuto  their  system  and  organize  its  particles,  so  as 
moidd  it  into  their  shells  and  crusts,  or  have  the 
digestive  and  secreting  organs  the  power  of  acti 
generating  lime?    The  former  opinion    is  the  oi 
that  appears  the  most  ohvious,  and  accords  the 
with  our  ideas  of  the  usual  operations  of  nature  ;  bu 
it  is  rendered  improbable  from  the  immense  quantit 
of  matter  which  the  animals  must  have  appropriat 
to  themselves,  and  it  is  not  very  easy  to  conceive  i| 
what  state  the  lime  could  have  existed  previous  to  it 
reception  into  their  system. 

The  same  kind  of  question  occurs  with  respect 
vegetables,  and  although  they  differ  so  essentiaEi 
from  animals  as  to  render  it  dangerous  to  extend  ti 
analogy  from  the  one  to  the  other,  yet  iu  this 
ticular  point,  they  appear  to  be  placed  in  pre 
a  similar  situation.  A  considerable  part  of  the  sol 
niattcT  of  vegetables  consists  of  carbou,  and  they 
contain  small  quantities  of  various  earths  and  nii 
but  as  these  substances  are  insoluble  in  water, 
is  the  only  medium  through  which  plants  are  supf 
to  obtain  their  uourisbnient,  it  has  been  asked,  bow 
are  they  procured  by  the  plants?  Are  they  mt^, 
pendcd  in  a  state  of  minute  division  in  the 
which  is  absorbed  by  their  vessels?  can  they  bej 
rived  from  the  atmosphere  ?  or  do  the  pleats. actt 
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generate  them  ?  The  question,  as  it  respects  both 
animals  and  vegetables,  has  been  attempted  to  be 
resolved  by  direct  experiment, 

A  set  of  experiments  were  performed  on  this  subject 
by  Vauquelin.  They  consisted  in  ascertaining  the 
exact  quantity  of  earthy  matter  wliich  entered  iuto  the 
composition  of  the  shell  of  the  eggs,  and  also  of  the 
excrement  of  fowls ;  he  carefully  analyzed  the  food 
which  they  received,  so  as  to  leani  precisely  the 
quantity  of  earthy  or  saline  matter  which  it  could 
derive  from  this  source,  and  then  compared  this  with 
the  quantity  of  lime  and  other  earths  which  was 
found  in  the  egg  shells  or  the  excrements.^  Another 
train  of  experiments  was  performed  by  E>r.  Prout. 
He  examined,  with  his  usual  accuracy,  the  composi- 
tion of  recent  eggs,  ascertained  the  nature  and  amount 
of  thek  elements,  and  compared  these  with  the  com- 
position of  eggs  after  incubation,  when  the  chick 
was  fully  developed.  There  are  considerable  diffi- 
culties attending  experiments  of  this  kind,  and  they 
require  a  degree  of  continued  accuracy  which  few 
individuals  are  disposed  to  devote  to  them ;  but  in 
the  case  of  the  two  chemists  above  mentioned,  no 

3  He  examined  tlio  relation  which  these  quantities  bore  to 
each  other  in  the  male  and  female,  and  in  the  latter  during  the 
period  of  laying  her  eggs,  and  other  analogous  circumstances, 
and  was  led  to  draw  the  following  conclusioOj  that  a  quantity  of 
lime  had  been  formed  by  the  digestion^  and  the  assimilation  of 
ihe  oats,  that  a  portion  of  phosphoric  acid  had  also  been  formed, 
that  a  certain  quantity  of  carbonate  of  lime  had  been  produced^ 
and  that  a  small  quantity  of  silex  had  disappeared ;  Ann,  de 
Chim,  t.  xxixt  p.  S.  et  seq* 
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deficiency  of  this  kind  can  be  suspected,  and  in  both 
eases  the  results  appeared  to  indicate  that  the  animal 
had  acquired  a  greater  quantity  of  earthy  matter  than 
could  be  accounted  for,  except  by  supposing  that, 
in  some  way,  a  quantity  of  it  had  been  developed  by 
the  vital  powers,* 

4  Prof*  Berxelius,  referring  to  Vauquelm*«  experimraiUt  0^ 
hesitatingly  conclydes,  that  the  earihy  substances^  wliich  u$ 
evacuated  by  the  animalsi  *'  must  be  capable  of  being  cam* 
posed  or  decomposed,  as  occasion  requires^  by  the  proo6«ief  of 
organic  chemistry  ;**  View,  p.  73,  ct  seq*  Dr.  Prout  b  led  tt 
think  that  the  earthy  matter  of  the  hones  of  the  chick  "  don 
not  pre-exist  iu  tlie  recent  egg ;"  Phil,  Trans,  for  163;?,  p.  9fift 
The  average  quantity  of  liQie  In  tlie  shells  of  eggs  was  ibiio^ 
to  vary  so  mncb,  that  it  appeared  impossible  to  determine  p0* 
sitivcly  whether  the  earth  was  derived  from  this  source  by 
chemical  analysis ;  but  he  observes,  there  are  **  very  stroog 
reasons  for  believing  that  the  earthy  matter  is  not  derived  frocs 
the  sht'Ih"  He,  however^  adds  with  philosophic  c«uttocit^| 
by  no  means  wish  to  be  understood  to  assert,  thftt  the  etttbil 
noi  derived  from  the  shell ;  because,  in  this  case,  the  ool;  il* 
ternative  lefl  me  is  to  assert,  that  it  is  formed  by  tranimu^Oft 
from  other  matter ;  an  assertion  which  I  confess  myself  aol 
bold  enough  to  make  in  the  present  state  of  our  knoirladgift 
however  strongly  I  may  be  inclined  to  believe  thaCt  iritbit 
certain  limits,  this  power  is  to  be  ranked  among  the  capobilitiet 
of  the  vita)  energies/'  p.  400.  The  experiments  of  Fordjeib 
in  which  gold  fish  were  kept  in  water  tliat  was  supppend  fo-fei 
pure,  and  by  being  merely  supplied  with  air»  not  only  lived  Ibr 
many  montlis,  but  increased  very  considerably  in  sixei  piv*f 
that  the  functions  of  these  animals  may  be  moiniaiood  tn  i 
perfect  and  healthy  state  for  an  indefinite  length  of  lime,  umt^ 
by  means  of  atmospheric  air  and  water,  but  they  do  noltfltfll^ 
bear  upon  the  question  discussed  in  tho  tejtt ;  TreHlat  il 
Digest.  p»  78,, 0* 
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*  The  cxperiinentwS  on  vegetables  were   coBducted 
upon  similar  principles :  the  composition  of  cert.iin 
plants,  seeds,  or   bulbs,  was  accurately  ascertained ; 
they  were  placed  in  distilled  water,  or  planted  in 
clean  washed  sand,  sulphur,  or  some  substance  whence 
they  could  not  be  supposed  to  derive  any  extiaiieoua 
matter,  and   were   moistened   with   distilled   water. 
After  they  had  groi^n  far  some  time  they  were  care- 
fully analyzed,  and  a  comparison  was  made  of  the 
ckments  which  tliey  contained  before  and  after  their 
germination  and  growth*     The  results  of  these  ex- 
^leriments,   like  the  former,  seemed  to  prove,  that 
the  solid  matter  which  entered  into  the  composition 
of  the  vegetables,  in  the  more  advanced  periods  of 
their  growth  must,  in  part  at  least,  have  been  pro- 
duced by  some  action  of  the  vital  powers,  and  could  not 
havebeen  obtained  ab  extra.  For  although  it  might 
be  possible,  which  however  does  not  appear  to  be  the 
case,  to  refer  the  whole  of  the  carbon  to  the  decom* 
{Position  of  carbonic  acid,  as  dissolved  in  the  water 
employed,  or  diffused   through   the   atmosphere  to 
which  they  were  exposed,  and  although  a  part  of 
tbe  earthy  matter  which  was  found  in  them,  might 
be  derived  from  the  soil,  and  suspended  in  the  fluid 
which  entered  into  their  vessels ;  it  seems  very  diffi- 
cult, if  not  impossible,  to  explain  the  whole  of  it 
upon  this  principle.^ 

^'  ^  Dr.  Thomson  lias  given  us  a  very  good  samtnary  of  the 
ifiperimei^ts  iliat  have  been  performed  on  this  subject  In  his 
"section  on  tlie  '*  food  of  plants;'*  Chem.  v*  iv.  p.  320,  et  seq. 
The  conjoined  evidence  of  the  experiments  of  Braconnot,  Shrader, 
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Of  the  nature  of  any  powers  which  could  produce 
such  an  effect  as  that  described  above,  or  even  of 
their  existence,  independent  of  the  case  now  under 
consideration,  we  are  altogether  ignorant,  but  shonld 
future  experiments  confinn  the  results  of  those  that 
have  been  hitherto  performed,  and  compel  us  to 
adopt  this  conclusion,  it  will  be  necessary  to  inquire 
what  are  the  possible  modes  by  which  such  extraor- 
dinary operations  can  he  effected.  In  the  present 
state  of  our  knowledge  it  would  be  premature  to 
enter  into  any  long  discussion  upon  the  subject ;  I 
shall  merely  remark,  that  there  appear  to  be  only 
three  possible  or  conceivable  modes.  Either  some  of 
the  bodies  which  we  suppose  to  be  elements,  as  for 
example,  oxygen,  hydrogen,  or  carbon,  are  in  reality 
compounds,  and  are  decomposed  by  the  powcfB  of 
life,  or  these  powers  are  capable  of  converting 
elements  into  each  other;  or,  in  the  third  pla 
there  is  a  creation  of  absolutely  new  matter* 
first  of  these  suppositions^is  in  itself  by  far  the  mc 
probable,  and  although  it  appears  to  be  directly  ' 


and  Einhof,  fi€ems  to  prove  very  clearly  that  we  cannot  ( 
for  the  iotrodoctioQ  of  the  constituents  of  vegetables  ixoii| 
&oii  or  wator  with  which  they  are  in  contact.  Braconnot  app 
to  have  conducted  his  operations  with  great  attention  to  ac 
racy-     i^Ie  concludes  that  *'^  organic  force^  aided  by  eolar  lig 
dcvelopes  in  plants  substances  which  have  been  regarded  simp 
such  as   uarths,  alkalieSf  metaJs,  sulphur,  phosphorii8« 
perhaps  azote;"  Ann.  Chim.  t.  Ixi,   p,  187,  et  seq* 
conceives  that  his  experiments  prove  that  p1antS|  doriog 
growth,  acquire  an  additional  quantity  of  carbon,  but  he 
po«ea  that  they  procure  it  from  the  air ;  Recherchea,  p.  50*  •  5. 
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tradicted  by  muneroiis  facts  of  the  most  decisive  na- 
ture, yet,  on  the  contrary,  there  are  certain  analogies 
ivhich  seem  rather  to  favour  it.  But  the  further  con- 
sideration of  this  question  will  more  properly  belong 
to  the  subject  of  digestion. 

^  $*  Of  the  Theory  of  Secretion. 

I  must  now  proceed  to  offer  some  remarks  upon  the 
theory  of  secretion*  The  speculations  that  have  been 
formed  upon  this  subject  are  very  numerous,  but 
they  may  be  all  referred  to  five  heads :  that  secretion 
is  a  species  of  fermentation  ;  that  it  depends  upon  the 
immediate  agency  of  what  is  termed  the  vital  priu- 
pie  ;  that  the  secretions  are  separated  from  the  blood 
by  a  mechanical  process ;  that  they  are  produced  by 
a  chemical  action  either  of  extraneous  bodies  upon 
the  blood,  or  of  the  constituents  of  the  blood  upon 
each  other ;  and  lastly,  it  has  been  supposed  to  be 
effected  by  the  agency  of  the  nervous  influence. 

It  will  not  be  necessary  to  enter  into  any  detailed 
account  of  the  doctrine  of  fermentation  considered  as 
explaining  the  natiu'e  of  secretion.  It  is  generally 
supposed  to  have  been  originally  advanced  by  Yan- 
heimont,*'  and  was  adopted  by  Sylvius,  Willis,  and 

*  I  do  not  find  in  the  wrkiogs  of  Vanhelmont  any  dirisct  at- 
tempt ta  form  a  theory  of  socretion,  but  there  are  many  pas- 
sages in  which  it  may  be  fairly  ascribed  to  liim  by  implication. 
Among  others  I  may  adduce  the  following :  "  Quomodo  fer- 
mentum  transmutationuiu  parens  fiit,  non  melius,  quam  per 
Pyrotechniam  invenL  Cognovi  enim,  quolies  corpus  dividitur 
in  subtiliores  atomoSi  quam  suee  substantise  ferat  ekigentta. 
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by  the  chemical  physiologists  geBcxally  of  the  six* 
teenth  and  seventeenth  centuries/  Each  gland  wa« 
supposed  to  possess  a  peculiar  species  of  femientation^ 
which  assimilated  to  its  own  nature  the  blood  that 
passed  through  it,  as  in  the  case  of  the  %inous  and 
the  acetous  fermentations.  But  it  may  he  suflBcient 
to  remark,  that  we  have  no  evidence  of  the  existence 
of  these  ferments  in  the  different  glands,  nor  have 
we  any  proof  that  the  action  of  the  glands,  or  the 
series  of  clianges  which  they  produce  upon  the  fluidi 
that  pass  through  them,  resembles  any  kind  of  fer- 
mentation with  ^vhich  we  are  acquainted.  Perhaps, 
indeed,  when  we  come  to  inquire  a  little  more  mi* 
nutely  into  the  nature  of  this  hypothesis,  as  proposed 
by  the  chemical  physiologists  of  the  seven teenth»  or 
even  of  the  cariicr  part  of  the  eighteenth  eeutur)', 
we  shall  find  that  it  may  in  fact  be  resolved  into  a 
Bicre  chemical  change  of  the  blood  into  the  secreted 
fluid,  for  they  used  the  term  fennentation  in  a  much 
mQve  extensive,  or  rather  vague  manner,  tlum  i|  is 
employed  in  the  present  day,  applying  it  to  auy 
change  which  is  effected  in  the  elementary  consti- 
tution of  the  substance  operated  upon,  when  it  i^ 
produced  without  the  visible  interposition  of  external 

contiouo  etiam   sequi   corporis  tllius  transtnutationcm,  cxcep 
elemento..      Qtiat^nus  haustum  fermentum,  arnplens   pnt:(iiti 
atomos,  COS  alieno  §m  oharactere  imbtjit»  in  cujus  susceptio 
fiunt  divisiones  partium^  qooa  partfuni  heterogeneilites,  et  < 
gionea,  re^olutld  materlrc  consequttur ;''  taken  from  th# 
lise,   **  Imago  fermenti   inipra*gnat   tnossam  semine  s  **    On 
Med.  p.  93.  ^  28. 

t  Haller,  El,  Phyi*  vii,  5,  28. 
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agentSj  or  by  the  actioa  of  its  coostitiients  upou  each 
other.* 

Nor  sliall  we  find  the  h j^othesis  of  the  animists 
more  satisfactory.  It  was  zealously  defended  by  tlie 
Btahliaiis  of  the  seventeenth  ccnturyj  and  has  been 
received  in  our  times,  at  least  with  certain  modifica- 
tions, by  J.  Hunter/^  Uarwin,  Blunienbacb,  Bichat 
and  others/  and  may  perhaps  be  regarded  as  the 
prevaihng  doctrine  of  the  London  schooL  Yet,  not- 
withstanding its  general  reception,  I  shall  think  it 
sufficient  to  refer  to  what  I  have  already  said  respect- 
ing the  vital  principle  and  its  supposed  operations ; 
we  have  no  intlependent  evidence  of  its  existence^  nor 

*  Tt  IS  in  this  way  that  the  term  fermentation  is  employed  by 
Willis  and  Mayow ;  see  tTie  Treatise  de  Fermeotatione  by  the 
former,  and  various  passages  ia  the  essays  of  the  latter*  Cole, 
however,  had  a  more  correct  and  definite  idea  of  the  nature  of 
fermentation ;  De  Secret*  c.  9*  p,  S2. 

9  Mr.  Abernethy's  sixth  lecture  may  be  perused,  as  ati  ex« 
cellent  illustration  of  what  has  been  already  noticed,  the  error  of 
supposing  that  wc  have  obtained  any  real  insight  into  a  subject, 
merely  by  employing  a  new  phraseology;  see  particularly  p, 
24.4,  5. 

»  Dan^'in  s  "  Antmal  Appetency,"  Zoonomia,  Sect  37.  §  2. 
V.  1,  p.  463;  Bluracnbach's  **  Vita  Propria/'  Inst.  Physiol  Sect, 
32.  f  476.  p.  252,  and  Bichat^s  **  Vie  Propre,"  Anat.  gen. 
ijoteme  glanduleux,  art,  3*  §  2.  t,  2,  p.  637$  et  seq,  may  be  ranked 
among  those  mysterious  doctrines,  which  it  is  sufficient  to  con- 
trovert by  saying  that  these  supposed  agents  have  never  been 
proved  to  exist,  and  are  at  the  same  time  incomprehensible. 
Bichat,  however,  endeavours  to  show  that  the  power  of  the 
nerves  is  not  directly  essential  to  secretion ;  ubi  suprdj  p<  624. .  7  ; 
pkQ  Anat.  gen.  t,  4.  p.  604 » ,  G. 
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The  obvious  objection  to  this  hypothesis  was  the  dif- 
icultjr  in  conceiving  how  mere  filtration  could  sepa- 
ftte  60  many  substances  from  one  fluid ;  but  in  order 
0  meet  this  objection  two  speculations  were  proposed, 
[>r  one  of  which  it  seems  that  we  are  indebted  to 
Jescartes,  and  the  other  to  Leibnitz,  The  first  of 
hese  philosophers  proposed  the  whimsical  and  per- 
fectly gratuitous  supposition,  that  the  particles  of  the 
arious  secreted  substances  were  of  different  figures, 
.nd  that  the  pores  of  the  glands  possessed  the  same 
igures,  each  gland  therefore  allowing  those  particles 

0  pass  througli  it  which  possessed  the  same  figiu-es 
rith  its  own  pores.^  The  hj^othesis  of  Leibnitz, 
Ithough  equally  unsupported  by  facts,  is  less  palpa- 
\y  absurd ;  he  compared  the  glands  to  filtres  which 
lad  their  pores  saturated  with  their  own  peculiar  sub- 
tance,  so  as  to  admit  of  this  substance  alone  passing 
hrough  them  to  the  exclusion  of  all  the  others,  in  the 
ame  manner  as  a  paper  saturated  with  oil  prevents 
he  passage  of  water,  and  vice  versa** 

1  De  homioe,  p.  18.  §  1 1,  et  de  form,  fcettis,  p.  212.  §  25* 
4  Quesnay  aUops  the  hypothesis  uf  filtres,  but  adds  to  it  the 
peratioo  of  the  nervous  influence ;  he  supposes  tliat  secretion 

1  Accomplished  by  the  joint  action  of  **  the  sensibility  of  ilie 
Itres  **  ar^d  the  acrimony  of  ilie  fluids ;  (Econ,  Anim.  t.  S.  p. 
37»  8;  the  section  is  entitled,  **  Affinity  of  the  Secretory 
hrgana  with  tlie  juice  which  filtre  throygh  them/'  Haller  gives 
1  the  names  of  various  eiuinent  aiiQtomiiits  and  physiologists 
iio  adopted  the  one  or  the  other  of  these  hypotheses.  He  is 
id  to  make  the  following  observation,  of  tlie  truth  of  whicli 
lese  pages  afibrd  us  so  many  examples*  *'  Ssppius  monut^ 
l&ticibuE  exemplis  expertus,  raro  eatn  esse  homiouc]  felici- 
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XiAs  our  knoi^ledge  of  the  nature  of  the  secretion* 
was  gradually  advanced,  and  when  the  improved 
spirit  of  philosophical  inquiry  taught  U8  to  reject 
gucli  purely  conjectin-al  speculations,  it  was  found 
necessary  to  examine  a  little  more  minutely  into  the 
prciunstances  which  might  be  supposed  to  operate  in 
the  production  of  the  secretion,  and  to  compare  these 
with  the  actual  state  and  conilition  of  the  secretory 
prgans.  Still,  however,  the  mechanical  doctrines 
continued  to  prevail  among  the  most  enlighteiwd 
physiologists,  and  both  Boerhaave^  and  Haller^  men^ 

Uteniy  ut  vera  sint,  qnm  facile  et  sponte  quasi  meotlse  ofienint" 
&L  Phys,  vii\  S*  29*  8ome  jodicious  remarks  on  the  xnechaoical 
liypotbesis  of  secretion  are  contained  in  a  paper  of  WinsJow*g; 
^fero.  Acad.  Scien.  171 1,  p.  ^1,  et  seq. 

-  s  Prelect.  §  253,  cum  Dotis. 

-  <*  Haller's  doctrine  respecting  secretion  la  contained  in  die  fant 
27  paragraphs  of  the  3d  section  of  his  7tli  book  ;  it  may  be 
asserted  that  no  part  of  his  great  work  displays  io  a  higher  de- 
gree his  extensive  information  and  correct  judgment*  It  is  lo 
be  observed  that  Haller  laid  it  down  ae  the  foundation  of  Im 
hypothesis,  that  the  secretions  all  exist  perfectly  formed,  or 
nearly  so,  in  the  blood,  EL  Phys,  vii.  1.  8.  and  thai  be  regarded 
the  glands  in  no  other  light  than  as  sieves  or  strainers  to  carr)* 
€>6r  their  appropriate  duids,  vii.  2.  L  et  alibi*  His  great  argu- 
ment is  the  facility  with  which  metastases  take  place,  which,  u 
he  f  upposeSf  proves  that  the  gland  cannot  form  the  sutislance 
which  it  discharges  ;  he  particularly  notices  the  fact  that  urine 
is  found  in  the  fluids  after  the  destruction  of  the  kidoeyt  v^  1*^ 
Altliough  not  directly  applicable  to  the  function  of  nccretioOt 
yet  I  am  induced  to  refer  my  readers  to  a  paper  of  Balguy'«|  on 
the  mode  of  ascertaining  the  doses  of  certain  me^CKDCtt  E^ 
Afed^Eit.  V.  iv.  p.  S3,  et  seq*,  as  a  curious  example  of  tbo  Itfgdl 
loidkid^.tfae  nechajnical  physiologists  carried  tbcir 
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taiMd  opinions  respectiug  secretion,  which  are  es- 
sentially of  this  description,  although  reduced  into 
a  ntuch  more  rational  and  tangible  form-  Hailer  di^ 
plays  his  usual  candour  and  caution  in  forming  hi« 
opinions  mxin  the  subject ;  he  states  the  facts  upon 
which  he  reasoned,  endeavours  to  appreciate  theif 
value,  and  after  maturely  conssidering  the  prernises, 
he  deduced  from  them  his  conclusion.  He  proceedi 
upon  the  principle,  that  all  the  secretions  are  ready 
formed  in  the  blood,  but  did  not  appear  to  think  it 
necessary  to  inquire  by  what  means  they  were  origi* 
naUy  generated  there,  or  how  they  were  introduced 
into  it.  Assuming,  however,  their  existence,  he  con- 
ceives that  there  are  seven  causes  which  may  contri- 
bnte  to  their  separation  ;  1,  a  difference  in  the  nature 
of  the  blood  itself;  2.  the  velocity  of  the  blood  as 
caused  by  the  size  of  the  vessel ;  3.  the  transmission 
of  the  blood  from  one  vessel  to  another  which  diflers 
from  it  in  size ;  4.  the  angles  at  which  the  secreting 
arteries  pass  off  from  the  trunk ;  5.  the  course  of  the 
vessel,  whether  straight  or  winding;  6.  the  density 
of  the  vessel ;  and  lastly,  the  structure  of  the  excre- 
tory duct.  There  may  be  sontc  foundation  for  all 
these  causes ;  as  affecting  the  contents  of  the  vessels. 

One  of  the  ryles  to  be  observed  is  as  follows ;  '*  You  are  to  dose 
«o  much  of  the  medicme  as  is  spent  on  the  stomach  and  intes* 
tines,  directly  as  the  constitution  ;  and  so  much  as  is  carried 
into  the  blood,  as  the  square  of  the  constitution >  and  the  sum 
into  the  person's  stTe  k  the  qtiiintity  required  ;"  p.  35-  A  less 
extravagfluti  but  equally  unfounded  attempt  is  that  of  Gorter, 
in  which  he  refers  the  whole  affair  of  secretion  to  the  physical 
properUei  of  tlie  fluid  und  the  size  of  the  vessels ;  De  Secre- 
tJone  J  see  particularly  the  accompunyiog  plate* 
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although  we  shall  probably  conceive  of  them  as  verfi 
inadequate  to  produce  the  variety  of  substances  that  I 
we  meet  with.     In  fact  they  may  be  all  referred  ta 
the  size  of  the  vessels,  and  the  velocity  vnth  whic 
their  contents  are  propelled  through  them  ;  the  for-f^ 
niation  of  the  substances,  by  the  intervention  of  ex- 
ternal agents^  or  the  action  of  the  constituents  upon 
each  other  having  been  either  not  contemplated,  or  not 
conceived  to  form  a  necessary  part  of  the  hyjiothesis. 

As  animal  chemistry  was  more  attended  to,  and 
we  became  better  acquainted  with  the  changes  which 
the  component  parts  of  the  blood  are  capable  of  ex« 
periencing,  by  subjecting  them  to  various  chemical 
re-agents,  it  was  conceived  that  all  the  secretioai 
might  be  produced  solely  by  the  operations  of  chemW 
cal  affinity.  It  does  not  very  clearly  appear  with 
whom  this  theory  of  secretion  originated.  Perhapl  - 
Kcill  was  the  first  who  endeavoured  to  explain  secre-  \ 
tion  upon  chemical  principles,  hut  his  opinions  were 
altogether  so  imperfect,  as  to  bear  but  little  resem*  , 
blance  to  the  modern  doctrine,^ 

The  main  argument  for  this  hj^iothesis  is^  that  by 

7  Haller^  KLriiye.vii.  S.  53.  Keill,  in  lu«  treatise  on  aiumal 
secretion,    proposes  to  illustrate    the  following   positions;  "  !• 
To  show  how  the  secretions  i^re   forme*!  in  the  blood, 
they  come  to  the  place  appointed  for  secretion  ;  2,  To  den 
fitrate  in  what  manner  they  are  separated  from  the  blood  by  lh#  I 
glandii/'  p.  L    The  Irth  of  the  essays  in  the  "  Testamioa  Medtco- 
physica  *'  is  nearly  a  translation  of  the  above.     The  reasomnf  J 
is  strictly  niatltematical,  and  affords  a  very  remarkable  specitoea] 
of  the  misapplied  learning  of  the  mathematical  physialogisti* 
Tbe  doctrine  of  attraction,  as  appUed  to  secretioai  ii  paiticulariy 
aid  down  in  the  7th  and  8ih  prop. 
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certain  chemical  processes,  we  are  able  to  form  from 
the  blood,  out  of  the  body,  substances  similar  to  the 
secretions ;  hence,  npon  the  principle  of  not  unne- 
cessarily multiplying  causes,  it  is  said  that  the  same 
kind  of  operation  must  produce  the  secretions  in  the 
body.     And  this,  it  is  supposed,  may  be  effected  by 
eonveying  the  blood  in  its  entire  substance,  or  any  of 
its  components  separately,   as  occasion  requires,  to 
different  parts  of  the  system,  there  to  be  subjected  to 
the  action  of  external  agents ;   or  by  placing  the 
entire  blood,  or  any  of  its  components,  in  such  a 
situation,  as  that  it  may  undergo  the  spontaneous 
changes  to  which  it  is  liable.     An  argument  has 
been  urged  in  support  of  the  chemical  hypothesis, 
derived  from  our  knowledge  of  the  variety  of  sub- 
stances which  may  be  produced  from  only  a  very  few 
elements,  merely  by  their  being  united  in  different 
proportions.     This  is  very  remarkably  the  case  with 
oxygen  and  nitrogen,  which  in  one  proportion  com- 
pose atmospheric  air,  in  another  nitrous  oxide,  in  a 
third  nitric  oxide,  in  a  fourth  nitrous  acid,  and  in  a 
fifth  nitric  acid,  substances  which  differ  from  each 
other,  at  least  as  much  as  the  secretions  differ  from 
each  other,  and  from  the  blood.     And  what  is  still 
more  in  point,  some  of  the  late  investigations  into 
the  atomic  constitution  of  animal  substances,  exhibit  < 

the  same  production  of  new  compounds  by  a  different  I 

proportion  of  their  elements.     Dr*  Prout  has,  with  , 

his  usual  sagacity,  developed  this  kind  of  relation  i 

between  the  three  fiubstances,  urea,  lithic  acid,  and  J 

sugar,  and  shown  how  they  may  be  converted  into  each  ] 
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atber  by  the  adtlition  or  subtraction  of  single  fttom#( 
of  their  constituents.     Urea,  which  appears  to  be  the 
substance  secreted  by  the  kidney  in  the  healthy  state?  1 
of  the  functions,  is  composed  of  two  prime  equira-^ 
lents  of  liydrogen,  and  oHe  of  carbon,  oxygen,  and* 
nitrogen  respectively  ;  by  removing  one  of  the  atomt 
of  hydrogen,  and  the  atom  of  nitrogen,  we  convert  it 
into  sugar,  or  by  adding  to  it  an  additional  atom  of  ^ 
carbon  into  lithic  acid**  ' 

There  are  many  instances  of  bodies,  both  of  vege* 
table  and  animal  origin,  which  are  converted  \x\i4 
each  other  by   the  operation   of  apparently   slight 
causes,  while  wc  have  likemse  substances  that  posses^ 
specific  and  sufficiently  distinctive  characters,  which 
yet  seem  to  consist  of  the  same  elements,  and  almost 
exactly  in  the  same  proportion,  so  as  to  render  if ' 
probable,  that  a  very  minute  variation  in  the  affinities 
might  originally  have  produced  one  or  the  other  of' 
them,  or  after  they  were  produced,  might  transform 
them  into  each  other.  As  examples  of  the  first  speriei  \ 
of  operation,  we  may  adduce  the  conversion  of  farini 

^  Dr«  Frout  has  conBlructed  Uiu  foliowtng  table  for  tli«  pun 
ppse  of  illustrating  his  riews  ou  the  subject ;  MetL  Cliir.  Tr, 
V.  viit.  p-  540. 
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into  sugar,  according  to  the  process  of  KirchofF,  and 
of  fibriiie  into  adipocere,  as  in  the  well  kiio%\Ti  case  of 
the  burial  ground  at  Paris^  both  of  whicli  appear  to 
be  effected  merely  by  the  addition  of  a  small  portion 
of  water,  and  as  an  illustration  of  the  latter  position, 
the  elementary  constitution  of  gum  and  farina,  and 
of  fibrin,  albmnen,  and  jelly,  may  be  adduced.  But 
in  reference  to  the  above  facts,  it  may  be  said,  if  by 
80  apparently  slight  a  cause,  as  the  addition  of  a 
small  portion  of  the  elements  of  water,  an  oily  sub- 
stance can  be  produced  out  of  the  body»  there  would 
geem  to  be  no  assignable  cause,  why  the  same  change 
might  not  be  effected  in  the  yessels,  by  placing  blood 
in  a  situation  where  it  might  either  procm*e  the  ele- 
ments that  are  necessary,  or  part  with  those  that  are 
guperfluous.  That  changes  of  that  description  can 
take  place  in  the  fluids^  while  they  are  still  circulate 
ing  in  the  vessels,  is  proved  by  the  action  of  the  air 
upon  the  blood  in  the  lungs,  for  whatever  be  our 
theory  of  the  ultimate  effect  of  respiration  upon  the 
system,  we  cannot  doubf,  that  the  air,  by  its  chemical 
agency,  is  instrumental  to  the  conversion  of  venous 
into  arterial  blood,  while  we  have  found  it  probable 
that  the  vessels  Ot  tlie  lungs  are  capable  of  both 
absorbing  and  discharging  certain  substances  through 
their  coats* 

It  is  further  urged  in  support  of  the  chemical 
theory,  that  the  blood  is  a  substance  which  we  sup* 
pose  to  be  peculiarly  well  adapted  to  experience 
changes  of  this  description  ;  it  is  composed  of  a 
number  of  ingredijents,  which  ^t  held  together  by  i 
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weak  aflfinity,  liable  to   be  disturbed  by  a  variet]| 
even   of  what  might  appear  the  slightest  cat 
And  although  we  have  been  induced  to  condi 
that  mechanical  causes  alone  are  inadequate  to  pr 
duce  the  changes  which  take  place  in  the  blood,  the 
may  have  considerable  effect  in  modifying  the  opera*l 
tion  of  the  chemical  actions.    For  example^  they  maj 
not  only  bring  substances  into  contact  or  proximit 
but  they  may  render  this  contact  more  or  less  ext 
sive,  and  may  continue  it  for  a  longer  or  shor 
space  of  time ;  they  may  subject  the  substances 
various  degrees  of  pressiu'c,  and  may  propel  then 
through  the  vessels  with  various  degrees  of  velodtyJ 
and  in  this  way,  they  may  not  only  determine 
amount  of  effect  to  be  produced,  but  they  may  varyl 
the  nature  of  it  by  protracting  the  action,  or  arrestin| 
it  in  different  stages  of  its  progress,  and  in  this  waj 
infinitely  vary  the  results.    Now  all  these  incideutgi 
must  happen  to  the  blood  in  the  different  parts 
the  circidation  ;  it  passes  through  vessels  of  va 
diameters,  and  witli  various  degrees  of  velocityp 
in  short  is  suBjected  to  all  the  actions  which  cao  aril 
from  mere  mechanical  operations. 

In  order  to  assist  us  in  conceiving  how  a  variety 
substances  may  be  produced  from  a  single  compotind«i 
by  the  intervention  of  physical  causes  alone,  wc  may  I 
suppose  a  quantity  of  the  materials  adapted  for  ihej 
vinous  fermentation  to  be  allowed  to  flow  from  li 
reservoir,  through  tubes  of  various  diameters  and  wtth> 
various  degrees  of  velocity.  If  we  were  to  draw  off  I 
portions  of  this  fluid  in  different  parts  of  its  eotusei 
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or  from  tubes  which  differed  in  their  capacity^  we 
should,  in  the  first  instance,  obtain  a  portion  of  un- 
femiented  syrup ;  in  the  next  we  should  have  a  fluid 
in  a  state  of  incipient  fermcntatiou  ;  in  a  third,  the 
complete  vinous  liquor;  while  in  a  fourth,  we  might 
have  acetous  acid.  To  apply  these  remarks  to  the 
blood ;  we  know  that  mere  rest  allows  it  to  separate 
into  senim  and  crassamentum,  and  that  if  the  erassa- 
mentum  Ixs  formed  midcr  certain  circumstances,  the 
red  particles  arc  detached  from  the  fibrin,  which  is 
left  in  a  pure  state.  Then  when  we  consider  how 
many  re-agents  have  the  power  of  coagulating  albu- 
men, we  shall  not  find  it  very  cbfficult  to  conceive 
that  this  process  may  take  place  in  the  minute  capiU 
larics,  and  according  to  the  degree  in  which  the  coa- 
gulation takes  place,  and  consequently,  in  which  the 
albumen  is  separated  from  the  serum,  so  shall  ^ve  have 
the  serosity  left,  containing  a  certain  quantity  of  al* 
bumeu  affording  us  the  diflereut  kinds  of  fluids  which 
compose  the  albuminous  secretions.  We  farther  find 
jJiat  by  the  action  of  dilate  nitric  acid  upon  fibrin 
aod  upon  albumen^  we  are  able  to  cpnvert  these 
Bubstances  respectively  into  adipose  matter  and  jelly, 
changes  which  are  probably  effected  by  adding 
jwtygen  to  the  fibriii,  and  to  the  albumen  ;  and^thcrc 
is  some  reason  to  believe,  that  by  applying  the  same 
re-agent  to  the  red  particles  we  may  produce  a  sub- 
stance nearly  resembling  bile.  Such  facts  as  these 
seem  to  warrant  us  in  concluding,  that  certain  clie- 
jntcal  operations,  which  it  is  not  uuruasonablc  tu 
4U{ipONe  may  late  place  in  the  Wood,  can  form  Iroin 
VOL,   11.  2d 
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it  some  of  the  substances,  wliich  in  the  ordina 
course  of  the  aiiiinal  (Bconomy,  are  the  result 
secret iou.  That  we  are  not  ah!e  to  imitate  all  the 
secretions,  can  scarcely  be  regarded  as  any  decisifO 
objection  to  the  hypothesis,  because  it  can  only 
prove  our  ignorance  of  tlie  intimate  nature  of  some  of 
the  operations,  without  affecting  our  opinion  respect- 
ing the  means  by  whicli  they  are  produced. 

If  we  adopt  the  chemical  theory  of  secretion, 
must  conceive  of  it  as  originating  in  the  vital  actid 
of  the  vesscltff,  which  enables  them  to  transmit 
blood,  or  certain  parts  of  it,  to  the  various  organs « 
stmctures  of  the  body  (the  blood  itself  bdng  pr 
•Piously  prepared  by  the  process  of  assimiUtioti,  aol 
adapted  for  its  appropriate  functions,  one  of  the  most 
important  of  which  is  the  formation  of  the  secretiont) 
where  it  is  subjected  to  the  action  of  those  re-agcn 
which  are  necessary  to  the  production  of  t 
changes.  The  re-agents  themselves  are,  at  least, 
some  cases,  conveyed  to  the  blood  by  niuscular  actii 
or  by  other  vital  operations,  analogous  to  the 
traction  of  the  diaphragm,  by  which  tlie  air  is  rt^' 
ceired  into  the  thorax.  The  remaining  part  of  ihft 
process  will  be  strictly  chemical,  or  such  as  the  mh^ 
stanocs  would  exercise  upon  each  other,  wh 
they  were  placed  iu  the  same  relative  circumstani 

The  last  hypothesis  of  secretion  which  I  pro] 
to  notice,  is  that  which  ascribes  it  to  the  actim  of 
the  nerves.  It  is  supported  partly  by  a  number  of 
facts  and  observations,  which  tend  to  estabUsh  a 
general  connexion  between  sectctiun  and  the  nervous 
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influence)  and  partly  upon  certaiB  experiment?  that 
kavc  been  performed  in  order  to  show  that  the  secre- 
tin of  particular  glands  is  deranged  or  destroyed  by 
depriving  them  of  their  uerves.  AVith  respect  to  the 
first  point,  there  are  many  well  known  occmTeiiccs, 
whieh  dearly  indicate  an  intimate  connexion  between 
the  action  of  the  nerves  and  the  formation  of  the 
fiecretions.  Certain  accretions  are  encreased  in  quan* 
tity,  and  Iwive  their  qualities  materially  altered  by 
the  intervention  of  mental  emotions,  and  of  various 
agents  which  we  can  only  conceive  to  operate  through 
the  medium  of  tlie  nerves. 

So  many  examples  of  this  kind  will  immediately 
gtlggeit  themselves  to  the  mind,  as  to  render  it 
scarcely  necessary  to  particularize  them.  The  secre^ 
ticm  of  tears  from  the  impressions  of  grief,  and  the 
encreased  flow  of  saliva  from  the  idea  of  grateful 
food,  are  among  the  most  iamiliar  instances  of  this 
nature.  The  process  of  digestion,  as  connected  with 
the  i5ecretion  of  the  gastric  juice,  is  peculiarly  liable 
to  be  affected  by  the  state  of  the  nervous  system,  so 
that,  according  to  its  excitement  or  depression,  the 
fluid  appears  to  lye  protlnced  in  greater  or  less  quan- 
tity, the  functions  of  the  stomach  being  proportion* 
ably  depraved  J  or  even  entirely  suspended*  The 
Secretion  of  milk  seems  also  to  be  very  much  under 
the  inflnence  of  the  nervous  energy  ;  not  only  does 
the  mechanical  excitement  of  the  termination  of  the 
excretory  duct  cncreasc  the  action  of  the  gland,  by 
an  operation  which  must  have  been  conveyed  to  the 
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part  througli  tbc  nerves,  but  the  encreased  flow  of 
milk  may  be  produced  by  causes  which  can  only  act 
npou  the  mind  of  the  mother.  There  are  niauy 
known  oix;urrences  of  an  opjxtbite  nature*  which 
equally  illustrate  the  subject  under  consideratiou> 
where  the  secretion  of  a  gland  is  diminishcxl  or  en- 
tirely stop|icd,  in  consequence  of  the  removal  of  tlic 
exciting  cause,  which  cause  mutt  have  acted  through 
the  medium  of  the  nerves*  The  case  of  tlic  mamma 
may  be  again  cited  as  a  striking  illustration  of  tbu^ 
position,  for  by  the  removal  of  the  yoting  from  ite 
mother,  tlie  secretion  of  milk  is,  after  a  short 
entirely  suspended,  in  circiuDstances  where 
gland  would  otherwise  have  continued  its 
for  an  indefinite  length  of  time.^ 

These  facts,  and  many  others  of  a  similar  dc 
tiou,  prove  a  close  connexion  between  the  action 
the  glands  and  that  of  the  nerves,  but  they  do  not 
absolutely  prove  any  thing  respecting  the  intimate 
nature  of  secretion  ;  they  only  afford  us  a  new^  UIus* 
tratiou  of  what  has  so  Irequently  fallen  under  our 
notice,  that  the  different  systems  of  which  the  body 
is  composed  are  closely  connected  together.  Nor  b 
there  any  thing  which  ought  to  excite  oiu*  surprise 
in  these  facts,  nor  do  they  appear,  in  any  respect, 
adverse  to  the  principles  which  we  have  laid  domi ; 
for  it  cannot  be  thought  more  remarkable  that  a 
ofaange  in  tlie  effect  should  be  induced  by  a  cbuige 

^  QytirL*  Ji*urn.  v.  i,  p.  165^  t>» 
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in  the  degree  of  the  operating  cause,  than  that  the 
cause  itself  should  originally  be  able  to  produce  the 
effect.' 

An  attempt  was  made  by  Sir  Ev,  Home,  to  esta- 
blish a  more  intimate  connexion  between  the  action 
of  the  nerves  and  the  secretory  organs,  by  the  inter- 
vention of  the  galvanic  influetice.  The  extraordinary 
power  of  decomposition  which  this  agent  had  been 
discovered  by  Sir  H*  Davy  to  possess,  taken  in  con- 
nexion with  the  electrical  a]iparatus  which  is  found 
in  certain  animals,  suggested  the  idea  that  a  similar 
kind  of  operation  might  be  employed  to  act  upon 
the  blood,  while  the  extreme  sensibility  of  the  nerves 
to  the  stimulus  of  galvanism,  pointed  them  out  as 

'  There  k  a  fact  that  occurs  with  respect  ta  bird*,  which 
ought  probably  to  be  referred  to  the  influence  of  the  nervous 
system  over  an  organ  of  secretion,  and  which  illustrates  the 
extent  of  this  influence  in  a  remarkable  manner,  at  the  same 
time  that  it  proves  it  to  be  exercised  over  a  part  that  might 
have  been  supposed  to  be  beyond  the  reach  of  its  action,  I 
refer  to  the  formation  of  Qgg^  in  the  ovarium.  A  bird  which, 
when  left  in  its  natura!  state,  would  lay  a  few  eggs  only,  if  they 
^e  removed  as  they  are  produced,  may  be  nmde  to  by  almost  an 
indefinite  number  of  them,  and  apparently  without  any  derange-* 
ment  or  injury  to  the  system,  or  without  the  application  of  any 
external  exciting  cause.  The  only  explanation  that  we  can 
offer  of  this  fact  seenrs  to  Ih%  that  the  instinct  of  the  animal 
lead«  it  to  continue  dcpossiting  ita  eggs  in  the  nest  until  a  ccriairi 
number  are  accumulated ;  of  the  mode  of  operation  in  this  case 
we  are  entirely  ignorant,  but  we  can  scarcely  doubt  (hat  it  must 
he  by  the  intervention  of  the  nervous  system*  Berger,  De  Nat. 
Hum.  p.  12J..S;  and  Borden,  Sur  les  (Mandes,  ^  98*  et  seq. 
may  be  consuited  with  respect  to  the  influence  which  the  nervea^ 
posseee  over  tlie  action  of  the  secretory  orguns. 
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the  parts  that  were  the  best  adapted  for  effecting  the 
change/^  Dr.  Wolkstoii,  ahout  the  same  time,  fonoed 
a  similar  idea  with  respect  to  the  agency  of  galvanism 
on  the  animal  fluids,  and  illustrated  his  opinion  by  a 
very  ingenious  experiment,  in  which  a  low  galvanic 
power  produced  the  decomposition  of  a  saline  solation, 
and  caused  its  component  parts  to  transude  tlirou^ 
a  portion  of  bladder,  each  of  them  being  separately 
attracted  to  the  corresponding  wire  in  the  interrupted 
circuit.  Upon  this  experiment  he  remarks,  that  the 
quality  of  the  secreted  fluid  may  probably  enable  us 
to  judge  of  the  electrical  state  of  the  organ  which^ 
produces  it,  as  for  example,  **  the  general  redundanc 
of  acid  in  urine,  tliougli  secreted  from  l>lood  that 
known  to  be  alkaline,  appears  to  indicate  in 
kidney  a  state  of  positive  electricity  ;  and  since 
proportion  of  alkaU  in  bile  seems  to  he  greater  tl 
is  contained  iu  the  blood  of  the  same  animal,  it  is  nil 
improhahle  that  the  secretory  vessels  of  the  liver  mil 
be  comparatively  negative.''^  Some  experiments 
afterwards  performed  by  Mr,  Brodie,  which  seemc 
to  indicate  a  close  connexion  between  the  secretion 
the  glands  and  the  integrity  of  the  nenous  systemj 
but  scarcely  any  attempt  was  made  to  asccrtnin  tli 

«  PhiL  Trans,  for  1809,  p.  ^S5.  et  seq, 

A  Phil  Mag.  V.  xxviii*  p,  488.  .0. 

♦  Phil.  Trans,  for  181 1 ,  p.  38, 9 ;  and  for  1814,  p.  1(H.  ei  i 
In  the  first  of  the«e  papers  Mr.  Brodie  found  that  the 
of  urine  wa«  fiuipciulud  by  tlie  renvoval  or  dejitmclion  oft 
brain,  although  the  circulation  was  maintained  by  tlie  in 
of  the  lungt ;  in  the  iecond  paper  it  ii  atated  tliAl  whm 
animal  is  destroyed  by  ariefiic,  att«r  the  divliion  of  tht  ] 
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mtent  of  this  connexion,  or  directly  to  prove  itii 
ejustencei  until  Dr.  Philip  entered  upon  the  inves- 
tigation. 

He  has  endeavoured  to  identify  secretion  with  the 
immediete  result  of  the  nervous  influence  by  a  series 
of  very  interesting  and  curious  experhnents  on  the 
•Sect  that  is  produced  upon  the  secretion  of  the  gas- 
^c  juice,  by  the  division  of  the  par  vagum. 
J)  In  the  chapter  on  respiration  I  had  occasion  ta 
iprfer  to  the  effects  wlucli  had  been  observed  to  follow 
from  the  division  of  these  nerves,  one  of  which  was 
stated  to  be  the  derangement  of  the  functions  of  the 
stomach.  Blainville  appears  to  have  been  one  of  tlie 
fest  experimentalists  who  minutely  attended  to  tliis 
circumstance ;  it  was  subsequently  noticed  by  Legal- 
loiSf^  and  Mr.  Brodie,*'  and  l>r.  Philip,  on  carefully 
repeating  the  experiment  for  the  express  purj)ose  of 
noticing  thr  effect  on  the  stomach,  announced,  that 
afker  this  operation,  tlie  digestive  process  was  entirely 
s\ispended.''     But    notwithstanding    the  appaiently 

vaguin,  all  tlie  usual  syniptoma  are  producetl,  except  the  pe- 
culiar secretion  from  the  gtomach. 

Mr  Brodie*s  conclusion  from  his  experiments  was,  that  the 
nervous  influence  h  a  step  in  the  process  of  i^ecretion^  but  hv 
dpei  not  decide  that  It  is  absohitelj  necessary  to  k.  It  appears 
that  Berzelius  had  announced ,  some  years  before^  his  opinion  of 
the  connexion  between  the  nerves  and  the  function  of  secretion ; 
See  Phil.  Trans,  for  1809,  p.  385  ;  and  that  an  hypothesis  some- 
what similar  to  Sir  E.  Home's  had  been  advanced  by  Dr.  Young 
m  his  lectures;  Med.  Lit.  p.  110,  1. 

5  Sur  k  Vie,  p.  214,  5, 

6  PMl.  Trans,  for  ISli,  p.  102.  et  «e«i, 
*  *  Ifiquin^,p.ll9. .  125. 
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simple  and  decisive  nature  of  the  experiments  tl 
fact  was  controverted  by  pliysiologists  of  great 
spectability,  who  asserted,  that  after  the  divisioii  of 
the  par  i  agum,  the  digestion  was  continued  nearly 
in  the  natural  state^  or  at  most  was  only  slightly 
retarded*  so  as  to  require  rather  a  longer  time  for  its 
completion.  This  opposition  of  opinion  gave  rise  to 
a  very  warm  controversy,  in  which  experiments  were 
adduced  on  both  sides  with  equal  confidence,  an 
apparently  with  equally  decisive  results,*  when 


^  This  controversy  was  carried  on  principally  in  tlie  Qu 
Journal,  v.  vii.  p.  161,  et  seq.  and  349.  et  seq. ;  v*  ix,  p.  197j 
V.  X,  p.  292.  et  seq. ;  v.  xi,  p,  45.  et  secj.  and  p.  320.  et  i 
V.  xii.  p.  17*  et  seq,  and  p,  96,  7;  it  was  conducted  by 
Philip  and  Dr.  Hastings  on  the  one  side,  and  by  Mr.  Bro 
and  Mr  Broughton  on  iljc  otlier,     Tlie  whole  series  of  pap 
is  well  worth  perusal i  both  as  containing  a  number  of  curio 
ikcts^  and  still  more  as  suggesting  many  important  reAectlo 
on  the  mode  in  which  philoiiophical  discussions  ought  to  beco 
ducted.    The  experiments  have  been  since  repeated  at  Pans,! 
MM.  Breschctt,  Edwards,  jun.  and  Vavasseur ;  when  Dr. 
lip^s  fundamental  positions  were  fully  contirmed.    See  Arcbiv 
Gene  rales  de  Medicine  for  Aug.   1823»  also  Edwards  de  I'l 
lluence  &c.  p«  527.     We  have,  however,  a  still  later  serici  < 
experiments  performed  by    IVf  M.  Brescliet  aud  Edwards, 
in  which   they  somewhat  modify   their  former  results^ 
suppose  that  the  complete  division  of  the  par  vagum^  even  ^ 
the  precautions  employed  by  Br.  Pliihp,  although  it  very  mi 
rially  afit^cted   the   proccBS  uf  diymiiiciition»   docs  oot  eiti 
destroy  it ;  they  conceive  that  this  dimiimhed  cfli:ct  dcieii  i 
depend  upon  the  absence  of  tlie  ga^itric  juice,  but  upon  a  ] 
lysis  being  induced  upon  the  muscular  fibres  of  the  stomftcb,  li 
consequence  of  which  the  dirterent  parts  of  the  ah'mentary 
are  not  duly  brought  into  contact  with  the  coats  of  the  stomadiig' 
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length  the  very  curious  ciTciimstauce,  to  which  I 
have  abeady  referred,  was  discovered,  that  the  mere 
division  of  the  nerves,  and  even  the  retraction  of  the 
divided  ends,  for  the  space  of  one-fourth  of  an  inch, 
does  not  prevent  the  influence  from  being  trans- 
mitted along  them  to  the  stomach,  but  that  if  a 
portion  of  the  ner\'e  be  actually  removed,  or  the  ends 
folded  back,  the  digestive  process  is  suspended  in  the 
manner  that  %vas  described  by  Dr.  Philip,^  The 
original  proposition  of  I>r,  Philip  is  therefore  esta- 
blislied,  that  if  the  par  vagum  be  divided  in  such  a 
tnanuer,  as  effectually  to  intercept  the  passage  of  the 
nervous  influence,  the  digestion  is  suspended,  and  as 
this  operation  is  supposed  to  be  brought  about  by  the 
action  of  the  gastric  juice,  which  is  secreted  Irom  the 
suiface  of  the  stomach,  it  was  concluded  by  him,  that 

so  as  to  be  exposed  to  the  actbn  of  its  secretions,  thut  the  effect 
of  the  galvanic  inEuencc  h  to  restore  the  due  action  of  the 
Abrefl ;  they  Inform  us  that  a  mechanical  irritation  applied  to 
the  lower  end  of  the  dlvitled  nerves  produces  a  similar  kind  of 
eliange  upon  the  food  introduced  into  the  stomach  ;  from  which 
they  finally  conclude^  that  the  use  of  the  par  vagura,  as  connected 
with  the  functions  of  the  tilomach,  ks  to  liring  the  alimentary 
mass  into  suHicient  contact  with  the  gastric  juice;  Arch- 'Gen. 
de  Med,  The  experiments  are  related  with  a  sufficient  degree 
of  minuteness,  and  bear  every  mark  of  accuracy;  but  upon  being 
repeated  in  London  by  Mr.  Cutler,  under  the  inspection  of  Dr. 
Philip  and  Mr.  UrodiCj  so  far  as  the  main  point  was  concerned^ 
the  eHect  of  mecha^ucal  irritation  of  the  lower  pai'tof  the  divided 
nerve,  the  results  did  not  correspond  with  the  results  of  MM. 
Brescbet  and  Edwards,  jun. ;  Med.  Chir.  Rev.  v,  iii.  p,  589, 0. 

V  Phil  Trans,  for  1822,  p.  ^,  3  ;  Quart.  Jouni.  v.  xi,  p.  325 
pj7i  and  v,  xii.  p.  19,  0, 
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spcretioB  is  necessarily  connected  with  the  tic 
influence,  and  cannot  be  pertbnned  without  its  intc 
veutioiK 

It  was  in  connexion  with  the  inquiry  resj 
tlie  eflect  produced  upon  the  stomach  by  the  divii 
of  the  par  ^  agum,  that  Dr.  Philip  made  hia  curioi] 
discovery  concerning  the  power  of  galranism  ii 
supplying  the  place  of  the  nerves.  The  influenc 
which  the  electric  fluids  as  excited  by  the  galvanic 
apparatus,  appeared  to  exercise  over  the  muscles, 
well  as  other  circurastances,  which  seemed  to  poii 
out  a  connexion  between  this  agent  and  certain 
the  animal  fimctiouK,  induced  Dr.  Pbilip  to  inqiiir 
whetlier  the  analogy  could  not  be  extended,  aiifll 
whether,  not  only  the  contractility  of  the  muscle 
but  the  more  characteristic  effects,  which  he  snj: 
to  be  necessarily  dependant  upon  the  nervous  infla« 
ence,  might  not  be  produced  by  galvanism, 
secretion  of  the  gastric  juice  appeared  to  oflTcr  a4 
unexceptionable  mode  of  putting  his  hypothesis 
the  test  of  experiment.  For  this  purpose,  iif 
dividing  the  par  vagum,  a  portion  of  the  lower  enll 
of  the  nerves  was  coated  with  tin  foil,  and  a  silv< 
plate  placed  over  the  stomach  of  the  animal ;  the  til 
and  silver  were  then  respectively  connected  with 
opposite  extremities  of  the  galvanic  apparatus.  Il 
was  found,  by  this  arrangement,  that  the  anims 
seemed  to  be  entirely  free  trom  the  various  distress-^ 
ing  symptoms  which  always,  in  a  greater  or  Ic 
degree,  attend  the  di\ision  of  the  nenes,  and  uj 
cxanuuing  the  contents  of  the  .  stom^ch^   nftcf 
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dwth  of  the  animal,  the  food  appeared  to  be  per- 
fectly digested,  affordiog  a  complete  contrast  to  what 
was  contained  in  the  stomach  of  a  siniilar  animalt  in 
which  the  nerves  had  been  dii  ided,  but  which  had 
not  been  subjected  to  the  galvanic  influence.^ 
-  The  singularity  of  the  result,  and  the  important 
consequences  which  were  deduced  from  itj  c^usetl  thii 
experiment,  like  that  of  the  division  of  the  nerves,  to 
be  repeated  by  various  physiologists,  and  although 
the  facts  were,  in  the  first  instance,  warmly  contro- 
verted^ they  appear  to  be  now  tiilly  confirmctL  l)r* 
Philip  tlieii  proceetled  to  examhie  how  far  the  other 
effects  which  he  ascribed  to  the  nervous  influence, 
caidd  he  imitated  by  galvanism ;  and  with  this  inten-. 
tion  he  made  the  experiments  of  which  I  have  given 
an  account  in  tlie  last  chapter,-  on  the  evolution  of 
heat  from  arterial  blood  by  this  agent.  From  the 
>^ole  of  his  observations  and  experiments,  taken  in 
ecmj unction  with  each  other,  he  conceived  himself 
warranted  hi  the  couchision,  that  eveiy  effect  of  the 
nervous  influence  might  be  produced  by  galvanism^ 
and  in  sliort,  that  the  two  agents  are,  strictly  spcat- 
ing,  identical:* 

*  See  die  original  experimenls  in  the  ''Inquiry/'  p*223.. 
237  ;  ex,  70, .  4,  Many  experimenls  on  the  subject  will  \n* 
found  in  ll»e  references  to  note  (8).  A  digested  summary  ofllic 
tijiiothesk  h  contained  in  a  paper  in  the  Quarterly  tToum*  v.  viii. 
pw  72*  et  seq^ 
^'  »  See  page  286. 

♦>.f  For  the  correct  conceptioti  of  this  hypolliesb  it  is  ncceasary 
l#  bear  tn  mind,  that  Dr.  Ptiiltp  supposes  what  he  silha  the  ner- 
i  fiiBctionsi  to  bo  confined  to  the  four  following  operatians,' 
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According  to  Dr.  PhiKp's  view  of  the  subject,  Wtf 
have  two  positiotiSj  the  truth  of  which  appears  to  W 
involved  in  the  hyjiothcsis  of  secretion  which  he  sup*' 
ports,  first,  that  the  nervous  influence  is  essential  US 
this  function,  and  second^  that  the  nervous  influence 
13  identical  with  galvanism.     As,  however,  these  po- 
sitious  are  in  themselves  completely  distinct,  it  may 
be  desirable  to  examine  them  separately,  in  order 
that  we  may  more  clearly  comprehend  the  natlu:t^ol| 
the  evidence  on  which  tliey  each  of  them  rest.   With  J 
respect  to  the  first  of  these  points,  the  dependance  olj 
the  function  of  secretion  upon  the  nerves,  it  appeari  I 
to  be  the  direct  inference  from  the  result  of  the  AivU 
»ion  of  the  par  vagum,  and  it  must  he  admitted  that  ] 
the  argument  has  been  very  forcibly  urged  by  Dr* 
Philip,  and  that  the  reasoning  which  he  employs,  ani!  < 
the  facts  which  he  adduces  in  its  snpiiort,  are  very  ] 
impressive,  and  appear  at  first  view  almost  imanswer* 
able.     Yet,  perhaps,   upon   reflection,   we   shall  he\ 
induced  to  think  that  the  conclusion  does  not  so  in* 
evitably  foUow  from  the  premises,  as  has  been  sup*j 
posed   to  be   tlie  case.     The   clear  and  legitimate] 
iiiiercncc  from   them   is,   that  the  nervous  influenoel 


**  stimulatmg  the  itiui^eli  s,  both  of  vohuUary  aod  of  lavoUtotsfy] 
mutton,  convcvhig  impre^iiions  to  and  from  Uie  scnsoriutn^  eRec|*J 
ing  die  formation  of  the  secreted  Huid»,  and  causing  un  evoliiticiftj 
of  caloric  from  the  blood ;  '■  Int|uirj,  p.  220*  Perception  imij 
irolition  he  denominatt^  sensorial  functions,  supposing  them  uil 
be  more  immediately  connected  with,  or  dependent  upon  Uii  [ 
braioj  as  distinguished  from  the  nerves.  See  the  lOtli  chapter  rf^l 
the  Int^uiiy  j  al^  Quart,  Journ.  v.  xiii.  p*  97,  and  v,  %Xys  |*.  J?1,«4  J 
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lias  a  necessary  connexiou  witli  the  action  of  the 
glandst  but  in  the  particular  case  of  the  stomach  it 
is  not  very  easy  to  trace  out  the  scries  of  changes 
wliich  takes  phicc,  in  such  a  mainicr  iis  to  show  how- 
far  the  connexion  is  csseutiHl,  or  how  far  it  is  only 
wliat  may  be  deemeil  iuci dental.  In  order  to  prove 
that  the  latter  is  the  case,  it  is  only  necessary  to 
bring  forwards  one  unequivocal  example  of  a  secretion 
being  produced,  where  there  can  he  no  intervention 
of  nervous  influence^  but  of  tins  we  have  numerous 
instances  in  all  the  vaiious  classes  of  the  lower  tribes 
of  animals,  in  which  no  nervous  system  has  yet  been 
detected.*     This  I  conceive  to  be  so  dire<;t  an  argn- 

-*  Cuvier,  Lemons,  t,  ii*  p*  361,*3;  Lamark»  Aiiiiii,  «ans  Vert, 
t*  i.  p.  Sij  J,  Perhaps  we  may  adduce^  in  this  place»  ihc  cases 
ihat  are  on  record  of  monstrous  or  deformeil  foetuses  being  borrip 
with  many  ot"  their  organs  fully  developed,  irt  which  the  nervous 
•ystem  was  entirely  wanting ;  one  of  the  most  remarkable  of  these 
18  that  detailed  by  Clarke  in  the  Phil  Trana.  for  1795,  p-  154. 
et  seq. ;  the  author  fnirly  infers  that  this  system  cannot  be 
essential  to  the  functions  of  the  foetus,  and  lo  secretion  among 
the  rest.  We  ma}',  however,  conceive  that  the  fcKtus  may  pos- 
sess some  suppliraentary  action  derived  from  the  mother.  I  have 
already  had  occasion  to  refer  to  Mr.  Lawrence's  valuable  papier 
•*  on  monstrous  productions,"  where  other  cases  are  related  ana- 
logous to  the  above;  Med.  Chir,  Tr.  vw,  p,  165,  et  se^j. ;  in 
oil  these  inatances  the  secretions  appeared  to  he  produced  a^  if 
the  foetus  had  possessed  the  natural  and  perfect  structure. 

Several  cases  of  Uiis  description  are  ntso  relatetl  in  the  dif- 
ferent volumes  of  the  Mem,  Acad.  Scien.;  in  the  one  for  171 1, 
p.  26.  there  Is  a  notice  of  a  fcetus  by  Fauvel,  where  the  cerebrum, 
cerebcllumt  and  spinal  cord  were  wanting  ;  the  writer  remarks, 
tlmt  this  case  aifords^^unc  terrible  objection  aux  cfcprit^  an i- 
niaux,"  and  \vc  may  udd  an  equally  forcible  one  to  any  hyf>u- 
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ment,  as  to  be  sufficieTit  to  counteract  the  foite  < 
any  individaal  facts  or  experiments,  howcrer  strikiii^ 
which  may  be  urged  in  favour  of  the  contrary 
iiiou.     To  assert  that  these  animals  have  a  Eervon 
system,  because  tbey  exercise  those  functions  whic 
have  been  generally  supposed  to  be  affected  by  mi 
of  the  nerves,  ivhen  no  organs  of  this  kind  can 
detected,  and  when  the  animals  are  of  such  magni 
tude  as  tliat  their  structure  can  be  distinctly  ei 
mined,  m  a  mode  of  reasoning,  which  I  ownceiTe 
be  so  palpably  incorrect,  as  to  require   no  fomvi 


iJietiis  wliich  supposes  the  tiervous  system  to  be  esscDtial  to  wk 
arc  usually  termed  the  vital  and  natural  futicttous*     There  it  i 
notice  of  a  case  by  Mery  m  the  vol*  for  1712,  p,  S^;  a  tooci 
ample  account  of  another  by  ilie  6ame>  in  1720,  p.  8«etfe|*^ 
and  one  by  Win»low  in  1721^  p.  586.  et  seq.^  %rhc}  al«o  aubjoill 
i>ther  cases  to  his  paper.     Tiie  first  of  Mery's  caeeSi  which  Wl 
wkhout  either  the  brain  or  the  spin»l  cord,  h  said  to  bave  1 
for  21   hourly  ^d  lo  huve  taken  food;  the  acl  of  d^lutilk 
nmst  of  cour&e  have  been  performed.    We  have  aooiber 
uiarkable  case  by  Lc  Cat,  of  which  tliera  if  a  tramlaifoti  in  i 
Phil  Tratu.  for  I767>  P'  1-  ei  seq. ;  although  the  whole  of  i 
upper  part  of  the  body  was  deficient,  there  appear  to  l«ve  1 
au  imperfect  apiaal  cord  and  cerebellum. 
.   There  is  a  well  iiarraled   case  of  Uiis    kiad  tn  the 
Trans,  for  1775,  p.  31 L  et  seq^  by  Cooper;  Heinott 
to  have  assisted  .at  the  examballon  :  we  are  told,  {k  31^* 
**  upon   a  careful  inspection   die  re   is  evidently  im  bcvin 
i»piaal  marrow*^'     I  may  remark,  that  Sir  Ev*  Homey  in  • 
tion  to  the  authority  of  Cuvicr  and  Lamark^  as  retbrrcd  to  at  I 
cooim  en  cement  of  tliis  note,  asserts,  'Uhat  in  the  most  bIi 
animal  structures  endowed  with  life,  large  enough  to  admit  i 
diiaection,  brain  and  nerves  arc  met  with;"   Fhtl.  Trans. I 
1685»  p,  257. 
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refutatioti.'*  Au(l,  indeed,  we  tan  ieqitire  no  nioifc 
striking  ilhistmtioB  of  a  secreted  fluid  being  pro* 
diiced  without  the  intervention  of  the  nerves,  than 
the  experiment  itself  which  ^ve  are  now  considering  ; 
for  we  find  that  after  the  complete  division  of  the 
nerves,  when  the  action  of  the  gland  is  either  siis* 
pended,  or  at  least  altogether  derangcdj  it  may  be 
restored  and  maintainedj  by  the  intervention  of  a 
physical  agent,  so  far  as  appears,  in  its  i>erfect  and 
natural  condition. 

Andj  indeed  J  should  it  even  be  proved,  that  the 
nerves  arc  essential  to  the  secretion  of  the  gastric 
juice,  it  would  only  tend  to  establisli  this  particular 
fact,  while  we  have  so  extensive  a  range  of  operationsh, 
in  wliich  secretion  is  always  going  forwards  in  situa* 
tions  or  under  circumstances  where  it  appears  im* 
possible  that  the  nerves  can  have  any  influence.  The 
question,  therefore,  respecting  tlie  influence  of  the 
nerves  in  secretions,  appears  to  be  precisely  analogousi 
to  that  respecting  the  intervention  of  the  nerves  in 
muscular  contmction^  which  was  discussed  in  the 
fourth  chapter/'  That  tlie  nerves  arc  very  frequently 
concerned  in  both  the  operations,  is  admitted,  but  the 
point  to  which  we  are  to  direct  our  inquirj'  is,  whether 
there  are  any  eases  in  which  muscular  motion  and 

s  Tlic  analogy  of  t!ie  vegetable  kingdom  may,  I  conceive,  be 

fairly  applied  to  the  illustration  of  this  (question  ;  for  although 

'  ^e  tntiy  regard  its  powers  and  functions  fts  essentially  differetit 

I   from  those  of  animals,  yet  on  this  particular  point  they  tnay 

admit  of  comparison. 

^  V,  i.  §i.  p*  291.  et  seq. 
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secretion  can  be  performed  without  the  co-operation 
of  the  nerves ;  a  single  uuexceptionable  example  of 
this  kind,  is  sufficient  to  decide  the  controversy/ 

\Yc  are  uow  brought  to  the  second  of  Dr,  Philip*?* 
l>ositio!is,  the  identity  of  the  nervous  influence  and 
galvanism,  and  I  think  it  mmt  be  adiiiitted,  that  if 
we  could  prove  this  identity,  some  of  the  most  for- 
midable objections  against  the  nervous  hypothesis 
would  be  removed.  And  here,  as  in  the  former  case, 
although  I  acknowledge  that  Dr.  Philip's  arguments 
are  very  clearly  and  ingeniously  stated,  and  very 
happily  enforced  by  liis  experiments,  yet  I  conceive 
that  there  are  some  points  in  which  they  are  essen* 
tially  defective,  I'he  argument  is,  that  we  are  able 
to  imitate  all  the  operations  which  properly  belong  to 
tlie  nerves,  by  galvanism,  and  that  therefore  the  tw^ 
agents  must  be  identical*  But  a  moment's  reflectio 
will  convince  us,  that  the  apparent  similarity 
two  ettects  is  not  sufficient  to  prove  the  identity 
the  causes.  The  coagulation  of  albumen  is  produc 
by  heat,  by  galvanism,  and  by  various  chemical 

7  I  may  refer  tlie  reader  in  this  place  to  a  judicious  eeiay  I 
Dr.  AlUon,  Quiirt.  Journ.  v.  ix.  p.  106,  the  object  of  whidi  ig 
controvert  Dr*  Philip's  hypothesis  of  secretion.  The  line 
argumeni  whtcli  I  have  employed  in  the  text  h  soinewhut  ikimikr 
to  Dr.  AUson'i},  but  he  has  not  aln ays  u^ed  the  term  nenaus 
action  or  nervous  influence  in  the  same  scn«e  with  Or.  Phili] 
which  1  have  thoyght  it  necessary  to  do  in  discussing  this  i 
tion»  whatever  opinion  1  might  be  induced  to  form  of  its  | 
pnety  or  utihty.  See  also  Bidial  •*  Sur  la  Vie/*  p.  244.  ,7, 
6uuie  very  judicious  rciuiiik^  by  b\x*  ^haw,  LoDd.  Mtd.  Jvu 
\.  %\\%,  p.  451.  ct  set]- 
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agents,  yet  we  are  not  warranted  in  asserting  that 
heat,  galvanism,  aucl  all  the  chemical  re-agents  in 
question  are  identical  The  sensation  of  sight  is 
excited  by  light,  hy  galvanisnij  and  by  a  blow  on  the 
eye,  but  we  do  not  suppose  that  light,  galvanism, 
and  mechanical  violence  are  identicaL  We  conclude, 
io  these  cases,  that  the  first  set  of  causes  act  in  some 
way  upon  the  albumen,  and  the  second  set  upon  the 
optic  nerve,  so  as  ultimately  to  affect  the  albumen 
and  the  optic  nerve  in  the  same  manner.  The  mere 
similarity  in  the  effect  is  therefore  no  proof  of  the 
iilentity  of  the  causes,  employing  the  term  in  its 
ordinary  acceptation,  the  means  which  we  make  use 
of  to  produce  the  change  in  question,  but  of  the 
minute  and  intimate  operation  of  which  we  are  fre- 
quently altogether  ignorant. 

But  in  the  case  muler  consideration  it  will  be  said, 
that  we  have  not  merely  a  single  coincidence  of  an 
apparent  cause  and  effect,  but  that  there  are  two 
agents,  one  of  which  seems  to  produce  all  the  charac- 
teristic effects  of  the  other,  so  as  to  increase  in  a  very 
high  degree  the  probability  of  their  identity.  The 
force  of  the  argument  will  therefore  depend  upon  the 
number  of  these  coinciding  circumstances  and  the 
accuracy  of  the  resemblance.  In  the  case  of  the 
nervous  influence,  there  are  four  of  its  characteristic 
effects  pointed  out  by  Pr.  Philip,^  all  of  whicli  arc 
said  to  be  capable  of  being  imitated  hy  galvanism,  a 
circumstance  which  must  add  very  great  weight  to 

i 

'  »  Inquiry,  p,  1 16,  7 ;  Quart,  Journ .  v.  liv.  p,^91,  105, 

VOJL.  II.  2  E 


I 


418  Remarks  on  Pkilip*^  Hi/poth^is. 

the  reasoning*  provided  the  fact  be  clearly  made 
in  each  individual  instance*  In  the  first  case,  t 
of  the  production  of  the  gastric  juice,  the  resemblance 
of  effect  is  undoubtedly  very  remarkable ;  but  erca 
here,  I  do  not  think  that  we  arc  warranted  in  apply- 
ing the  same  reasoning  to  all  the  other  secret i0ns,  by 
an  inference  from  that  of  the  gastric  juice  alanc  W^ 
are  very  little  acquainted  with  the  nature  of  the  gw- 
trie  juice  itself,  or  of  the  mode  of  its  operation  upo» 
the  food,  and  although  it  iR,  upon  the  whole,  highly 
probable,  that  the  stomach  is  furnished  with  glandg» 
which  secrete  a  fluid  that  acts  somewhat  in  the  man- 
ner of  a  solvent  upon  the  aliment,  yet  it  is  ri^tber  liy 
inference,  than  by  direct  observation  tliat  we  arrif  f  at 
this  conclusion. 

And  although  we  find  that  when  the  par  vagum 
ditided,  the  food  remains  undigested,  so  &&  to 
H  probable  that  the  gastric  juice  is  not  duly  si 
still  we  find  that  the  surflu*e  of  the  stomaeh  aad  1^0 
lungs  pours  a  fluid,  indoml  probably  in  greater  qmm^ 
tity  than  natural,  although  its  physical  and  diemied 
properties  are  not  the  same  as  when  the  nevres  are 
entire.  The  very  circumstance  of  the  anatmnieil 
itructttre  of  tlie  par  vagum,  which  renders  thetn  U 
well  adapted  for  the  experiment  seems  to  point  oill 
that  there  is  something  pccuhar  in  theif  natnie^ 
their  actiou,  and  that  they  either  perform  other  funr- 
tions  besides  that  of  seeretirai  or  that  there  ia 
peculiarity  in  their  secreting  power,  whii^  is 
nee  ted  with  their  peculiar  anatomical  disposition.^ 


funt- 


9  Analogy  would  mduce  us  to  suppose  that  if  nerrous  , 
were  necessary  for  leci^lbQ^  it  would  be  derived  rather  am 
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If  we  succeal  in  weakening  the  inference  which  ii 
deduced  from  the  first  ease  of  coincidence,  that  of 
the  secretion  of  the  gastric  juice,  I  think  the  others 
will  not  be  found  sufficiently  powerfid  to  support  the 
argument.  I  have  already  made  some  remarks  on 
the  experiments  in  which  heat  appeared  to  be  evolved 
from  arterial  blood,  by  the  application  of  gal* 
ranism  ;^  and  with  respect  to  the  power  of  this  agent 
in  exciting  muscular  contraction,  when  we  considef 
itt  how  many  ways  this  effect  is  produced,  we  shall 
think  it  quite  sufficient  to  abide  by  the  old  opinion, 
that  galvanism,  in  tlicse  cases,  acts  as  a  subtile  sti- 
mulns,  without  venturing  to  decide  upon  the  nature  of 
the  operation. 

With  respect  to  the  power  of  galvanism  in  convey- 
ing impressions  to  and  from  the  sensorium,  which  it 
is  stated  to  possess  in  common  with  the  nervous  in* 
fluence,  I  do  not  perceive  that  Dr.  Philip  has  advanced 
any  dh'ect  facts  in  proof  of  this  point.  The  power  of 
exciting  muscular  contraction  by  transmitting  the 
galvanic  influence  from  the  origin  of  a  nerve  to  its 
extremity,  or  of  producing  an  impression  on  the  sen- 


Ihd  ganglionic,  than  from  the  cerebral  or  spinal  nerves^  See 
the  remarks  of  Mr.  Shaw,  as  referred  to  fibove,  p.  4^16*  Ho  far 
as  tiie  question  cati  be  elucidated  by  anatomy,  we  are  informed 
that  althoogli  numerous  nerves  go  to  the  glands^  they  evidently 
pass  through,  or  by  them,  to  be  ulttrtnttely  distributed  upon 
<»ther  parts;  see  particularly  Haller,  El,  Phys.  vii.  2.  2,  He 
likewise  iofornis  us  as  the  result  of  his  expenments»  that  little 
sensibility  is  manifested  by  the  glandsj  when  different  stimuli  are 
applied  to  tliem  ;  Mem.  Sur  leg  Part.  Irrit.  et  Sens.  t.  i*  p.  S9*  S9. 
'  P,  9S5, 
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sorium  by  transmitting  the  influence  iu  the  opposite 
direction,  if  these  be  the  circumstances  from  which 
the  conclusion  is  derivctl,  wouhl  appear  to  prove  no 
more  than  that  galvanism  is  a  stimulus  both  to  the 
coutractihty  of  the  muscles,  and  the  seusibility  of  the 
nerves,  a  circumstance  which  is  by  no  means  pecii 
to  it,  or  characteristic  of  itH  effects* 

Although  the  supposed  improbability  of  an  opinid 
should  not  be  allowed  to  stand  in  opposition  to  t| 
evidence  of  decisive  and  unequivocal  facts  that  mi 
be  adduced  in  its  favour,  yet,  iu  cases  of  this 
we  naturally  require   stronger  evidence   and   mo^ 
decisive   facts   than   under   ordinary   circumstance 
On  this  account*  it  is  necessary  to  inquire  into  tb 
antecedent  reasonableness  of  any  physiological  do 
trine,  independently  of  the  experiments  or  ol 
tions  that  are  brought  forwards  in  support  of  it, 
ascertain  how  far  it  coincides  with  our  ideas  of  tlj 
other  oi>crations  of  the  animal  oDconomy,-     The  dc 

>  Dr*  Philip,  io  speaking  of  the  distinrdon  between  the 
fiorml   and   nervous   powers,    uses   the   following   exprescioq 
**  However  blended  the  organs  of  the  sensorial  and  ncr 
powers  may  appear  to  be,  we  are  asijured  that  they  are  du 
organs,   by  the  fact,  that  while  the  organs  of  the  nervous  | 
evidently  reside  equally  in  the  brain  and  i^pinal  marrow,  tJiotct 
the  sensorial  power   appear  to  be  almost  wholly  in  man,  i 
chietly  mall  the  more  perfect  anhnak,  confined  to  the  foruierj 
Quart.  Journ*  v*  \W.  p.  9S.    Upon  the  hypothe»is  of  the  ideoti 
of  the  nen'ous  power  zind  galvanism ;  the  preceding  remark  inu 
I  conceive*  imply  that  there  i^  in  the  brain  and  ipinal  cord,  i 
^piiaratns  provided  for  the  accumulaLion  or  evolution  of  clectfi 
cityt  from  which  it  may  be  transmitted,  when  required,  alo 
the  ncrveSi  and  to  which  it  a^ain  returns,  when  tt  conveja  in 
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trine  of  the  i<leiitity  of  the  ncn-ous  power  and  gal- 
vatiisoi  necessarily  leads  lis  to  the  conclusion,  that 
the  use  of  the  nerves,  as  distiiigiiished  from  the  hraiii 
and  spinal  cord,  is  to  condnct  electricity,  that  all  the 
operations  which  are  supposed  to  be  produced  by  the 
nervons  com mtmict^ti on  of  tlie  different  organs  must 
be  resolved  into  the  conveyance  of  electricity  from 
one  to  the  other,  and  that  when  an  impression  is 
made  upon  tlic  extremity  of  a  nerve  wliich  is  com- 
niunieated  to  the  sensorium,  whatever  may  be  its 
nature,  if  is  effected  by  the  intcnnedium  of  the 
electric  fluid,  and  in  like  nmnucr  the  same  agent 
must  be  the  medium  of  commuuicatiun  from  the 
l>rain  to  the  extremity  of  the  nerves*  When,  tor 
example,  mechanical  violence,  or  a  chemical  acrid, 
irritates  the  surtacc  of  tlic  body,  when  light  acts 
upon  the  retina,  or  the  undidations  of  the  air  upon 

pression«  from  the  extremities  to  the  centre.  Tliis  k\ea  seemii  lo 
be  farther  countenancetl  by  another  expi-e^sion  in  ihe  same 
e«9ay,  p.  9L*  that  there  is  ^' no  e%'klence  that  impressions  are 
ever  comniuntcatcd  tVoni  one  nerve  to  anolher^  hidependently 
otthc  intervention  of  one  of  the^e  organs"  (the  brain  and  spinjil 
cord).  I  ihink  it  would  be  diifieiik  to  point  out  siny  structure 
in  (hither  of  these  parts^  whiclj  can  be  suppot^ed  to  be  upprupriiited 
to  thifi  purpose,  nor  uiil  it,  (  apprcheiid,  be  ca^y  to  s>how,  uhy 
the  currents  fhould  not  as  readily  pass  from  one  nerve  to  ftno- 
Iher,  BB  in  the  course  whicli  we  observe  the  nervous  power  ta 
foitow.  It  is  often  curious  to  oliserve  some  crude  indications  of 
Ihe  most  recent^  and  apparently  ariginal  doctrine.s  among  the 
older  authors.  Sauvag essays,  that  many  experiments  prove  that 
4he  nervous  influence  is  nothing  more  than  electrical  £tiid, 
charged  with  some  panicles  of  extremely  attenuated  lymph; 
Bums  Div.  u  U.  p.  ^33* 
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the  nerve  of  the  ear»  the  pain  excited,  the  visiUd 
impression  produced,  and  the  perception  of  sound  are 
all  conveyed  to  the  sensorium  by  galvanism ;  and 
when  wc  form  a  volition,  and  by  means  of  it  produce 
the  contraction  of  a  muscle,  the  will  must  act  upon 
the  galvanism  which  resides  in  the  nerve  that  belongs 
to  the  part,  and  cause  it  to  contract,  while  the  same 
agent  must  again  pass  up  from  the  muscle  along 
nerve  to  the  brain,  and  communicate  to  it  the  ] 
ception  or  consciousness  that  the  volition  has 
executed. 

There  i.^  certainly  a  clear  foundation  for  the 
tinction  which  Dr.  Philip  has  laid  down  between  the 
nervous  and  the  sensorial  powers,  or  the  functioufi 
the  nerves  and  of  the  brain,  although,  perhaps,  tliei 
are  certain  cases  in  which  we  may  doubt,  whetb 
the  line  which  he  has  traceti  out  he,  in  every  i: 
stance,  quite  correct.     But  admitting  of  the  divisioi 
in  its  fullest  extent,  it  seems  scarcely  reasonable 
conclude,  that  the  actions  of  these  organs  depcn< 
upon  totally  diflerent  principles,  that  the  nerves  o 
rate  merely  through  the  intervention  of  electricit 
while  it  must  be  supposed  that  the  brain  can  have 
farther  connexion  with  this  agent,  than  to  receive  thi 
impressions  which  it  makes  upon  it-     It  would  a] 
pear  more  natural  to  suppose  that  the  mode  of  ope- 
ration of  the  nervous  system  should  be  similar  in 
its  parts,^  although,  with  certain   modifications 

I  In  making  tbit  oUsetratioOi  h  is  to  be  underetood,  Uiat  1 1 
not  mean  to  refer  to  the  intellectual  functions  which  ; 
to  the  braiii|  but  those  which  it  possesses  isf  mere  idtal  Bg&IL}^ 
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■dditions,  each  of  them,  as  we  presume,  possessing 
tvery  power  or  property  of  the  other,  together  with 
irhat  may  be  necessary  for  the  exercise  of  those 
functions  wliich  belong  to  it  exclusively.  This  com- 
munity of  properties  might  be  expected  to  exist  mora 
particularly  with  regard  to  those  nerves  which  are 
immediately  connected  with  the  brain  or  the  spinal 
cord,  which  parts,  from  their  connexion  with  each 
other,  it  is  natural  to  suppose  must  possess,  to  a  cer- 
tain extent,  the  same  properties.  It  has  been  found 
that  the  power  of  transmitting  the  galvanic  influence, 
if  not  confined  to  certain  nerves,  is  at  least  much  more 
remarkable  in  some  of  them  than  in  others,  and  this 
diiference  exists  in  so  great  a  degree,  that  many  emi- 
nent physiologists  have  been  unable  to  excite  any 
contractions  in  the  nerves  that  are  connected  with 
the  gaugUa,  and  ivhich  are  not  under  the  control  of 
the  will.  Yet  if  the  nervous  power  he  identical  with 
galvanism,  there  appears  to  be  no  assignable  reason, 
why  these  nerves  should  not  be  at  least  as  sensible  to 
this  stimulus,  as  the  nerves  that  belong  to  the  volun- 
tary organs,  since  they  cannot  be  supposed  to  be  de- 
ficient in  the  mere  nervous  functions,  although  they 
may  not  he  possessed  of  those  which  are  confined  ti> 
the  sensorium* 

We  have  frequently  had  occasion  to  remark  upon 
the  great  diversity  in  the  nature  of  the  substances 
which  act  as  stimulants  to  the  muscles  ;  and  al- 
though I  have  endeavoured  to  establish  the  doctrine 
4>(  their  independent  contractility,  yet^  at  the  same 
time,  it  was  shown  that  in  &  great  number  of  in- 
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stances  tbe  stimulating  substances  act  through  the 
intervention  of  tlie  nerves  ;  but  if  we  are  to  regard 
the  nervous  power  as  identical  with  galvanism,  it  wiU 
follow  that  all  these  agents,  mechanical,  chemical, 
and  \ital,  must  operate  through  the  medium  of 
electricity,  a  supposition  which  appears  quite  repug- 
nant to  our  ideas  of  their  physical  relations,  and  of 
the  nature  of  electricity  itself  And  I  may  observe, 
that  the  difficulty,  with  respect  to  animals  that  are 
without  a  nervous  system,  is  scarcely,  if  at  all  dimi- 
nished, by  supposing  that  the  nervous  power  is  iden- 
tical with  galvanism  ;  for  we  have  the  effects  that  are 
ascribed  to  galvanism  produced  without  the  existence 
of  the  nerves,  which  are  supposed  to  be  the  channels 
through  which  this  agent  is  conveyed.  Should  we 
go  a  step  farther  and  maintain  that  galvanism  is 
capable  of  being  transmitted  through  every  part  of 
the  body,  as  well  as  through  the  nerves,  we  may 
indeed  elude  the  present  difficulty ;  but  we  beoame 
involved  in  the  contradiction  of  supposing  that  nertei 
are  necessary  for  the  performance  of  a  certain  funetioDf 
because  they  serve  to  convey  the  galvanic  influence, 
yet  that  other  parts  of  the  body,  as  well  as  the  nerves, 
are  iwlequatc  to  this  conveyance. 

Upon  reviewing  the  subject  of  the  tlicory  of  secre- 
tion, the  inquiry,  wlien  considered  in  the  abstract, 
may  l)e  stated  as  follows.  We  have  a  fluid  possessed 
of  certain  proiiertics,  and  consisting  of  certain  com- 
ponents, from  which  various  other  substances  are  pro- 
duced, the  greatest  part  of  them  composed  of  tlie 
same  elements  with  the  primary  fluid,  but  in  different 
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projiortioBS ;  by  what  means  arc  these  secondary  sub- 
stances formed?  we  may  concicive  of  both  chemical 
and  mechanical  agencies  being  concerned  in  these 
operations;    if   the   substances   produced   are  iden^ 
tical   with  any  of  the  constitnents  of  the  primary 
fluid,  or  even  very  similar  to  them,  it  may  appear 
probable  that  the  operation  is  principally  mechanical, 
whereas  if  the  secondarj^  substance  differs  considerably 
from  any  of  the  constituents  of  the  primary  fluid,  we 
should  naturally  suppose  tliat  it  has  been  produced 
by  a  chemical  affinity,  or  by  the  combined  effect  of 
chemical  and  mechanical  action.     We  must  next  in- 
quire, how  far  the  different  modifications  of  chemical 
and  mechanical  actions,  which  may  be  conceived  to 
exists  are  sufficient  to  produce  all  the  effects  which 
we  actually  observe  to  take  place,  and  to  this  incjuiry 
we  can  only  reply,  that   the   present  state  of  our 
knowledge  ou  the  subject  of  animal  chemistry  does 
not  allow  us  to  go  farther  than   to  Kay,  that  the 
changes  which  have  been  actually  jiroduced  are  very 
numerous,  and  that  those  which  may  be  supposed 
possible  are  still  more  so,  and  that  if  there  be  any 
which  we  cannot  explain,  they  will  probably  be  equally 
difficult  to  account  for  upon  any  otlier  principle.     On 
this  view  of  the  subject,  therefore,  the  question  will 
rather  be  an  appeal  to  our  ignorance,  than  to  any 
principle  which  can  direct  our  judgment  in  deciding 
upon  this  point* 

In  the  fourth  place  we  must  ask,  in  what  manner 
are  these  supposed  chemical  or  mechanical  changes  con- 
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iiected  with  the  operations  of  the  living  system;  whi 
of  the  vital  powers  are  called  into  action^  and  throng 
what  medium  are  they  excited  ?    When  we  considei 
the  mere  act  of  secretion,  to  which  our  present  in- 
(juiry  extends,  I  should  say  that  contractility  is 
only  vital  power  which  is  essential  to  the  operatioUf 
The  action  of  the  heart,  in  the  first  instance^  propei 
the   blood   into   the   capillaries ;    it   is   transmi 
througli  these  with  diflfcrent  degrees  of  velocity, 
subjected  to  various  modiHcatious  of  oompressioHi 
that  its  constituents  are  more  or  less  intimately 
together;   some  of  its   fiuer  parts  are  transmitt 
into  vessels  too  minute  to  admit  of  those  that  arf 
more  viscid  or  tenacious,  while,  at  the  same  time, 
may  he  supposed  to  experience  vaiious  altera tioni 
from  chinugei>  of  temperature,  from  the  action  of  th( 
atmosphere,  or  from  the   mixture   of  the  differcnfci 
secretions  with  each  other.     Then,  although  for  tbi 
reasons  stated  above,  I  conceive  that  the  action 
the  nerves  is  not  essential  to  secretion,  it  is 
ciently  obvious  that  the  organs  of  secretion,  lo 
higher  orders  of  animals,  arc  very  much  under 
influence  of  the  nerves,  and  are»  in  many  cases,  m 
t^rially  affected  by  them,  so  that  we  are  in 
of  an  adtlitional  agent,  by  which  we  may  multiply 
the  number  of  possible  combinations  of  elements, 
produce  a  corresponding  number  of  new  subs 
Still,  however,  we  arc  to  bear  in  mind,  that  wo 
form  no  clear  conception  of  any  mode  in  whidi 
nerves  can  act  upon  the  organs  of  secretion^ 
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tliTOiigli  the  medium  of  the  circulating  systeni,  so 
that  here  again  we  reduce  the  primary  operation  to 
the  contractihty  of  the  muscidar  fibre,  notwithstand- 
ing the  share  which  the  nervous  system  may  have  in 
tjie  effects,  considered  as  a  secondary  agent. 

A  great  difficulty  which  remains  to  be  obviated, 
respects  the  formation  of  the  saHue  secretions,  or  of 
those  substances,  the  elements  of  which  are  not  to  be 
found  iu  the  bloody  or  at  least  not  in  sufficient  quan- 
tity to  account  for  the  great  accumulation  that  takes 
place  in  certain  parts  of  tlie  system,  and  where  we 
are  unable  to  point  out  any  means  by  which  they  can 
have  access  to  it.  This  is  a  difficulty  which,  I  con- 
fess, appears  at  present  insiu'mountaWe,  and  it  can 
be  said,  that  it  attaches  equally  to  every  hypothcsin 
that  has  been  proposed ;  for  it  is  at  least  as  difficult 
to  say  in  what  manner  the  action  of  the  nerves 
should  produce  lime  from  the  blood,  as  how  it  should 
be  produced  by  any  operations  of  chemical  affinity. 
To  suppose  that  we  are  affbrding  any  real  explana* 
tion  of  the  phenomenon  by  ascribing  it  to  the  ope* 
ration  of  the  vital  principle,  or  to  any  vital  affinities^ 
which  is  merely  a  less  simple  mode  of  expressing  the 
fact,  is  one  of  those  delusive  attempts  to  substitute 
words  for  ideas,  which  have  so  much  tended  to  retard 
the  progress  of  physiological  science. 
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APPENDIX. 

After  I  had  written  the  preceding  chapter, 
kanied  from  Dr.  Philip  that  a  new  edition  of 
•*  Inquiry  ^  was  in  the  press.  From  the  conversati 
which  we  had  on  the  subject,  I  conceived  it  probal 
that  his  hypothesis  of  the  identity  of  the  ner\*ous  i 
fluence  and  galvanism  woidd  he  stated  in  a  more  clei 
and  forcible  manner  in  this  new  edition   than  it  h 
been  in  the  former ;  I  therefore  requested  him 
allow  me  to  peruse  that  part  of  his  work  which 
ferred  to  this  jioiat.     From  this  I  have  drawn  up 
following  remarks,  wliich   I   think  will  be  found 
contain  a  faithful  account  of  the  arguments  on  whii 
his  opinion  is  fonndecL 

The  arguments  may  subKtantiaHy  be  reduced 
four ;  they  are  to  be  met  with  in  the  13th  chaptefd 
entitled,   *' On    the   Nature  of  the  Vital   Powers* 
!•  He  commences  by  the  observation  to  which  I  ha 
already  alluded,  ttiat  in  comparing  tlie  sensorial  ai 
the  nervous  functions,  the  latter  (using  the  wonl 
the  restricted  sense  4n  which  it  is  always;  employ 
by  Dr,  Philip)  are  found  to  bear  a  strong  resemblai 
to  the  physical,  or,  as  he  styles  them,  the  inaniniai 
powers  of  nature,  while  no  resemblance  of  this  ki 
can  be  traced  with  respect  to  the  former.     The  ai 
of  secretion  and  of    calorification  are  analogous 
mauy  chemical  processes,  the  transmission  of  imp: 
sions  through  the  nerves  to  both  chemical  and  ini 
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chauical  processes,  ^hile  the  excitement  jof  the  mus- 
cular fibre  is  the  effect  of  various  physical  agents. 
But,  as  the  author  remarks,  we  can  trace  no  resem- 
blance or  analogy  between  sensation  (perception)  or 
volition,  and  tlie  operation  of  any  physical  agents^ 
Hence  the  deductjion  is  made,  that  the  nervous  in- 
fluence must  depend  upon  a  pliysical  agent,  as  it 
appeared  a  necessary  consequence,  that  where  the 
phenomena  bore  a  clear  analogy  to  tlie  effects  of  phy* 
sical  action,  they  could  not  lie  referred  to  a  power 
which  exclusively  belongs  to  a  living  system, 

2.  The  author  next  remarks  that  the  vital  func- 
tions must  be  supposed  to  be  necessarily  confined  to 
the  organization  of  the  organs  which  are  their  peculiar 
seat,  for  that  a  power  which  is  independent  of  the 
organ  in  which  it  resides  ciuinot  he  regarded  as  a 
vital  power.  If  it  can  exist  in  any  unorganized  or 
ina^iimate  body*  it  must  be  regarded  a^s  a  mere  phy- 
sical property.  To  apply  this  principle  to  the  ease 
under  consideration,  it  is  argued,  that  if  the  nervous 
inftuencc  be  a  vital  power,  it  must  be  necessarily 
confined  to  a  substance  similarly  organized  with  the 
nerves,  and  be  incapable  of  existing  in  a  part  possessed 
of  any  other  kind  of  structure.  **  If  the  nervous  power 
can  be  conveyed  by  other  parts,  it  is  not  a  vital 
power,  but  one  that  may  reside  in  unorganized  bodies/' 
l>r.  Philip  then  proceeds  to  relate  the  experiments 
that  were  performed  on  the  division  of  the  par  vagum, 
in  which  it  was  found,  that  when  the  division  had 
been  complete,  and  the  divided  ends  of  the  nerves 
bad  even  retracted  for  a  smaU  space,  Ktill  the  secretion 
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of  the  gastric  juice  was  continued,  and  consequent! 
according  to  Ms  hypo  thesis,  the  nervous  influent 
must  have  passed  through  the  interval,  and  of  con 
have  been  conveyed  through  this  space  by  the  moij 
turc  or  some  other  interposed  body  ;  and  hence,  as 
can  exist  attached  to  this  body,  it  is  deduced  thai  i 
cannot  be  a  vital  agent*  The  author  obser^^es,  as  i 
rircum  stance  that,  at  first  view,  caused  some 
that  this  transmission  of  nervous  influence  betwecirt 
the  divided  extremities  of  a  nerve,  cau  only  taki] 
place  with  those  that  are  attached  to  the  gangHonM 
for  that  he  was  unable  to  produce  the  same  effectaj 
with  the  nerves  from  the  spine.  This  apparent  aiwi»] 
inaly  he  endeavours  to  account  for  upon  the  prindplftj 
that  the  action  of  secreting  siutaces  is  inereased] 
by  whatever  produces  an  unusual  detenmination  rfJ 
blood  to  them,  which  *^  solicits  towards  them  accfl^l 
Tesponding  siipply  of  the  influence  of  the  ner 
power.**  But  nothing  of  this  kind  takes  place 
respect  to  the  cerebral  or  spinal  neiTCs* 

9.  The  third  argiunent  w^hich  Dn  Philip  adduces  ril 
support  of  his  hypothesis,  is  derived  from  the  faely 
that  **we  can  substitute  for  the  nervous  power  4 1 
variety  of  inai;imatc  agents.*'     The  muscles  can  hb] 
excited  by  various  mechanical  and  chemical  stimi 
and  also  by  the  nervous  influence,  but  as  we  here 
ceive  that  the  nervous  influence  only  acts  the  nsstki 
jMlrt,  or  produces  the  same  effect  w  hich  may  be  pro- 
duced by  physical  agents,  it  is  concluded  that  thii 
ittust  likewise  be  a  physical  agent. 
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4.  Dr.  Philip  liaviDg  thus  rradcrcd  it  probable,  or 
rather,  as  he  conceives  proved,  that  the  nervous  in^ 
flucnce  is  a  physical  agent,  he  proceeds  to  inquire, 
whether  it  consists  in  something  which  is  pccnliar  to 
the  animal  body,  or  whether  it  be  an  agent  which 
operatca  in  the  production  of  other  natural  phenomena. 
It  was  supposed  that  electricity,  or  rather  that  modi- 
iication  of  it  whieh  has  been  termed  galvanism,  was 
the  most  likely  to  possess  the  necessary  requisites^ 
and  for  the  purpose  of  ascertaining  how  far  this  con- 
jecture was  sanctioned  by  the  phenomena^  the  expe- 
riments were  performed,  of  which  an  account  has 
been  given  above.  They  consisted  in  applying  gal- 
vanism so  as  to  produce  by  means  of  it  a  secreted 
fluid,  viz.  the  gastric  juice,  and  to  evolve  heat  from 
arterial  blood  ;  and  as  galvanism  appears  to  have  the 
property  of  acting  as  a  stimulus  to  the  muscular  fibre, 
and  of  conveying  impresgions  along  the  nerves  to  the 
geusorium,  it  is  supposed  that  we  are  able  to  produce, 
by  means  of  it,  every  effect  of  the  nervous  power, 
and  hence  Dr.  Philip  deduces  an  argument  in  favour 
of  their  identity. 

The  above  remarks,  as  I  conceive,  afford  a  clear 
and  faithful  account  of  Dr.  Philip's  hypothesis,  and 
of  the  arguments  by  which  it  is  supported.  I  fully 
admit  the  force  of  many  of  the  facts  on  which  it  is 
founded,  and  the  ingenuity  with  which  the  author 
has  deduced  his  conclusions  from  them,  yet  I  must 
confess  that  they  do  not  bring  conviction  to  ray  mind, 
I  liave  little  to  urge  in  favour  of  my  own  opinion. 
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in  addition  to  what  has  been  stated  in  the  preeeding 
pages ;  but  I  was  desirous  that  an  hypothecs  of  so 
niucli  importance  in,  physiology,  and  one  brought 
forward  by  so  powerful  an  advocate,  should  be  £urly 
presented  to  my  readers ;  and  having  done  this  I 
leave  it  to  be  decided  by  future  investigatioiUL 


IntrodtiCtory  Observaiiom. 
CHAPTER  X. 

OF  DIGESTION. 

The  last  chapter  contained  an  account  of  the 
means  by  which  certain  substances  are  separated 
from  the  blood,  for  the  purpose  of  contributing  more 
or  less  directly  to  the  preservation  of  the  constituents 
of  the  body  in  their  perfect  and  healthy  condition  ; 
I  am  now  to  describe  the  mode  by  which  the  loss 
thus  occasioned  is  repaired,  by  which  fresh  materials 
are,  from  time  to  time,  received  into  the  system, 
and  assimilated  to  it.  This  is  accomplished  by  the 
frinction  of  digestion,  which^  when  considered  in  its 
most  extensive  sense,  may  be  defined  the  process  by 
which  aliment  is  made  to  undergo  a  succession  of 
changes,  so  as  to  adapt  it  for  the  purposes  of  nutrition* 
Perhaps,  in  strict  propriety,  we  ought  to  regard  this 
process  as  consisting  of  several  subordinate  processes, 
each  of  which  might  be  considered  as  a  distinct 
function  ;  but  as  they  all  appear  to  be  diflFerent  steps 
of  the  same  operation,  and  subservient  to  one  ulti- 
mate object,  that  by  which  food  is  converted  into 
blood,  it  will  be  more  convenient  to  describe  the 
whole  of  them  in  connexion  with  each  other,*  ^ 

*  See  Cu1!eii*s  Inst.  §  201.  The  term  dfgestioo,  in  iu  pri- 
mary technical  importi  was  intended  to  express  the  operation 
by  which  the  aliment  is  macerated  in  the  stomach,  by  a  procefts 
supposed  to  be  analogouiS  to  the  digestiont  which  are  carried  on 
in  the  laborator}'*    Sec  CaEtelli,  Lexlcoiii  "  Digeitio.''    Fer- 
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The  first  change  which  the  'aliment  experiences  is 
entirely  of  a  mechanical  nature,  and  consists  in  re- 
ducing it  into  that  state  of  minute  dinsion,  whidi 
may  prepare  it  for  the  fiiture  changes  which  it  is  to 
undergo.  In  man  and  the  mammiferons  quadrupeds 
this  is  accomplislied  hy  the  teeth.  After  the  food 
is  sufficiently  masticated,  it  is  received  into  the  eto* 
mach,  where  both  its  physical  and  its  chemical  pro- 
perties are  changed,  and  it  becomes  converted  bio 
a  uniform  pultaceous  mass,  termed  chyme.  From 
the  stomach  it  passes  into  the  duodeniun,  where  it 
is  detained  for  some  timc^  and  undergoes  a  farther 
change  in  its  properties,  and  where  it  is  convcrt«4 
from  chyme  into  chyle.^     The  process  of  chyhfict- 

))ap5  the  most  valuable  and  ekboraee  part  of  MagendieV  work 
tg  that  which  treats  upon  digestion ;  he  conceives  it  to  be  made 
up  of  8  subordinate  actions ;  1 .  reception  of  tike  food,  £.  nifli* 
cation,  3«  insalivation,  i.  deglutition,  5.  action  of  the  timaid^ 
6.  of  the  fimall  iDtestine&j  7*  of  the  large  intesUaes,  8.  «^pukMi 
of  the  faeces ;  of  these  tlie  5th  and  6tb  may  be  regarded  as  thi 
essential  operations  ;  FhyBJoL  t*  ii.  p*  33, 

«  The  terms  chyme  and  chyle  are  generally  employed  by  the 
modern  physiologists  io  the  way  that  Is  stated  aboTc,  bul  it  dm 
not  appear  that  there  is  any  thing  in  their  etymolqg^  wlikil 
would  lead  to  this  distinction,  nor  was  it  recognl*ed  by  t^ 
older  authors,  or  even  by  some  of  those  of  the  last  centurfr 
who  appear  to  have  used  the  words  indifferently,'  or  ta  hate  coo- 
sidered  them  as  synonymous.  The  following  examplet  iB*f  b^ 
adduced  among  the  older  physiologists,  where  chyle  is  ipokci 
of  as  formed  by  the  stomach;  Willis  de  Ferment,  C*  5*p*t6; 
SylTius,  Disptit.  Med.  1.  Op.  p,  1,  2.  et  Rmx.  Med-  lib.  IX.  7. 
Op.  p.  117;  Fabridus  de  Ventriculo,  Op.  p.  US,  ♦,  mnd  p.  !39; 
GuHclmini^  de  Sang,  not*  5  $7;  Charleton,  CEcoo*  Awn. 
Exerc,  %  de  Chylif.  %  4.  Lower,  de  Corde,  p«1M)i;  Pftcvro^ 
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tion  may  be  regarded  as  the  ultimate  result  of  the 
action  of  the  digestive  organs ;  there  is  still,  how- 
ever, certain  changes  to  be  effected  before  the  com- 
plete assimilation  is  accomplished.  The  next  step 
consists  in  the  separation  of  the  chyle  ftom  the  refuse 
matter  with  which  it  is  combined,  and  the  transmis- 
sion of  this  separated  matter  through  the  lacteals 
into  the  blood  vessels*  It  is  poured  into  the  trunk 
of  the  great  veins,  near  their  termination  in  the 
nght  auricle  of  the  heart,  and  being  mixed  with  the 


Eh  Med.  C»5,  de  CEcon.  Anlm-  §.  1  ;  Riokn,  Encb*  An.  lib*  2* 
C.  ^3*  p.  118  ;  Bartholin,  de  LacteisThorac.  Cap.  L  p*  3  j  see 
also  Castelli,  •' chymus "  and  **  chyiug,"  The  distinction  be- 
tween chyme  and  chyle  is  nat  recognised  by  fioerhaave^  see 
Prmlect*  §  78..  95;  he  appears,  indeed,  not  to  contemplate  any 
essential  difference  between  the  contents  of  the  stomach  and 
the  duodenum  J  except  what  depended  upon  the  mixture  of 
bile  and  pancreatic  juice  with  the  latter*  Haller's  opinion  upon 
thia  point  I  shall  notice  more  particularly  hereafter  ;  but  1  may 
remark  in  this  place,  that  he  does  not  uniformly  employ  the 
terms  in  iheir  modern  acceptation;  see  Boerhaave,  Prxlect. 
not*  12,  ad  %  83,  not.  9,  ad  §  87 ;  Prim.  Lin.  §  635,  638»  717,  8. 
et  alibi.  I  have  not  been  able  to  ascertain  who  it  was  that  first 
assigned  to  the  words  their  present  signiBcation*  Scemmering 
applies  the  term  chyme  to  the  alimentary  matter  when  it  arrives 
at  the  small  intestines;  Corp.  Hum.  fah>  t.  vi.  p,  30{>.  .9.  §  216* 
M.  Magendie  employs  chyme  to  signify  the  substance  formed  in 
the  stomach  ;  Physiol,  t.  ii.  p»72,  81,  2.  Mr.  Brodie  employs  the 
terms  in  their  ordinary  acceptation  t  Quart*  Jo  urn.  v.  xiv.  p.  312; 
and  this  is  also  the  case  with  M.  Chaussier,  Art.  **  Digestion/' 
Diet,  des  Scien.  Med*  compare  p.  4-05  and  i29 ;  this  article, 
althougli  written  in  a  very  diffuse  ^tile^  contains  much  valuable 
information.  See  also  Dumasj  Physiol,  t.  i.  cb*  |0.  p.  350, 
it  $eq. 
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blood,  is  finally  assimilatetl  to  it  in  aU  its  properties 
The  subjects  of  this  chapter  will  be  arranged  under 
five  heads ;  I  shall  first  give  a  general  description  of 
the  form  and  structure  of  the  digestive  organs ;  in 
the  second  phiee  I  shall  make  some  remarks  upon  the 
nature  of  the  various  substances  that  are  used  in 
diet;  next  I  shall  examine  into  the  successive  chrago 
which  they  experience,  from  their  first  reception  into 
the  stomachi  until  they  are  deposited  into  the  blood 
vessels ;  in  the  fourth  place,  I  shall  give  an  account 
of  the  hypotheses  that  have  been  invented  to  expbdli 
the  nature  of  the  operations  *,  and  lastly,  I  shall  oob 
tiee  some  affections  of  the  digestive  organs,  wldA 
are  indirectly  connected  with  their  functions. 

^  1.  Descripiian  of  the  Organs  of  Digestion. 

Tlie  digestive  organs,"*  as  they  exist  in  man  lad 
the  liigher  orders  of  animals,  may  be  conceived  to 

3  The  existence  of  a  stomach,  or  of  some  organ  equivalent  to 
it*  hm  been  supposjed^  by  most  oaturahsts,  to  be  necesMry  lo 
annnal  organization,  and  even  to  jiftbrd  a  definite  characttT  bj 
which  animal  nmy  be  distinguished  from  vegetable  life ;  tee 
Smith  B  InCrod*  to  Botany^  p.  5.  It  is  accordingly  ttated  bj 
writers  on  compiirative  anatomy,  that  no  organs  are  so  geoe* 
rally  present,  in  all  kinds  of  am'tiials,  as  those  wluch  »erve  far 
digesuon  :  and  it  is  indeed  seHVcvident,  that  every  being  poi- 
aessed  of  life»  must  have  the  means  of  receiviog  and  iiMBii* 
laling  to  itself  the  matter  which  is  subservient  to  its  growth  tod 
imtriiitin;  Blumenbach,  Conip.  Anat.  §  82.  Soemmering  exprei^ 
says,  **  animal  ventriculi  exjiers  innotuit  plane  nullum;"  Cofp* 
Hum,  fab.  t.  vi.  p,  229.  It  appears,  however,  that  there  are  crt^ 
tain  animals  of  the  inferior  orders,  and  some  of  no  inconsiden^ 
ble  size,  which  are  not  furnished  witli  any  receptacle  for  e*o* 
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consist  of  three  orders  of  parts,  each  of  which  serves 
a  distinct  and  appropriate  purpose.  The  operation 
of  the  first  is  entirely  mechanical,  constituting  the 
means  by  which  the  food  has  its  texture  broken 
down,  oris  sufficiently  comminuted  to  admit  of  the 
full  operation  of  the  next  process,  which  is  more  of  a 
chemical  nature.  At  the  same  time,  however,  tliat 
this  mechanical  operation  is  going  forwards,  the  food 
is  mixed  up  with  the  various  mucous  secretions,  that 
are  found  m  the  different  parts  of  the  mouth,  fauces, 
and  gullet;  these  tend  to  soften  the  alimentary  mass, 
and  render  it  more-  easily  divisible,  while  they  may, 
perhaps,  have  some  effect  in  promoting  the  subse- 
quent changes  which  it  is  to  experience.  In  man 
and  the  mammiferous  quadrupeds,  this  mechanical 
process  is  effected  hy  mastication,  as  performed  by  the 
teeth.  I  shall  not  think  it  necessary  to  enter  into 
any  description  of  these  organs,  any  farther  than  to 
remark,  that  although  there  is  a  general  resemblance 
between  their  form  and  situation,  in  the  different 
classes  of  animals,  yet  upon  a  more  minute  inspection, 
we  find  that  they  differ  very  considerably  from  each 
other  in  these  respects ;  and  upon  examining  these 
differences,  in  connexion  with  the  habits  of  tlie  vari- 
ous animals^  we  shall  find  in  all  cases,  that  they  are 

■  tainingfcoil,  and  which,  therefore,  like  vegetables,  must  be  siip- 
posed  to  imbibe  their  nutriment  from  the  surface  of  the  body ; 
see  Lawrence's  Bluraenbach,  note   1.  p.  129.     Mr.  Abernethy, 

I  in  his  6th  lecture^  p.  193»  4-^  gtvce  a  list  of  the  animals  of 
various  classes,  m  which   Hunter  bad  examined  the  digestive 
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adapted  to  tbat  species  of  alimentary  matter,  which 
is  the  best  suited  to  the  digestive  organs  and  other 
functions  of  the  individual.  In  some  animals  the 
teeth  are  so  disposed  as  to  be  evidently  intended  for 
seizing  and  lacerating  animal  food  ;  othersp  on  the 
contrary,  are  better  fitted  for  cropping  and  triturating 
the  parts  of  vegetables  ;  in  short,  so  great  a  corre^ 
pondence  has  been  traced  between  the  disposition  and 
structure  of  the  teeth,  and  the  general  habits  of 
animal,  that  naturalists  have  not  nufrequently 
sumed  these  organs,  as  among  the  most  characteris 
features,  by  which  to  form  the  basis  of  their  syst 
atic  arrangements,'* 

The  food,  after  a  due  degree  of  comminution  i 
the  mouth,  is  transmitted,  by  the  act  of  deglutitic 

^  hianttus,  Sys.  Nat.  t,  i,  p.  IG*  et  alibi ;  SIiaw*s 
V.  L;  Introd.  p,  vil  et  alibi.  For  an  account  of  the  hun 
teeth  it  will  be  sufficient  to  refer  to  t!ie  treatises  of  Hunfi 
Blake,  and  Fox ;  to  Soeraraering,  Corp.  Hum,  Fab,  t.  L  p.  177..* 
207*  §  22*. .  237  ;  and  to  Monro  Tert,  v.  li.  p.  8. .  £S  j  for  thd 
comparative  anatomy  of  the  teeth,  to  Cuvier,  Le^.  d'Asil* 
Conip.  No.  17.  t.  ill.  p*  103.  et  seq.;  for  the  sod  partd  coQDCCtcd 
with  the  process  of  mastication^  to  Boerhaave,  Pra^lect^  U  i* 
§  58. .  64^;  Monro^a  Elem.  v.  i.  p.  495. .  508 ;  Bichat,  AnaL  1 
t,  ii.  p.  663.  et  seq. ;  and  Magendie,  Physiol,  t.  li.  p»  46.  ctt 

i  There  is,  perhaps,  no  part  of  the  human  frame  whidi 
hibits  a  more  beautiful  jspectraen  of  mechanism  than  tlie  i 
that  are  concerned  in  deglutition.     Simple  aa  the  proceii  i 
appear,  it  is  in  reality  very  complicated,  and  consiaU  of  a  i 
cession  of  indtvidyal  actions,  each  of  which  producea  so  in 
pendent  specific  effect,  yet  to  connected  with  th#  rest, 
attain  the  object  in  vioi'  in  the  most  perfect  munner.     After  I 
alimeat  hm  beea  aufficieutly  commiiiuted  by  the   leethi  it  i 
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^wn  the  oesophagus,  into  tlie  stginach,  a  bag  of  au 
jCTegukr  oval  form,  which  lies  across  the  upper  part 

m  Dili  (led  into  a  suitable  form  by  the  muscles  of  the  moutli  and 
the  tongue^  and  is  transmitted  by  them  to  the  pharynx,  which  is, 
at  the  same  time,  so  disposed,  as  to  be  put  into  the  best  posJlioA 
lor  receiving  the  mass  ;  while  the  same  action  of  the  parts  also 
causes  tiie  epiglottis  to  close  the  pa£sage  into  the  larynx*  The 
food  being  now  received  into  the  top  of  the  oesophagus,  its  mus- 
cular fibres  commence  tlieir  contraction,  which  proceeding  pro- 
gressively from  the  higher  to  the  lower  part^  gradually  propels 
the  mass  mto  the  stomach,  For  a  more  minute  account  of  tho 
process  of  deglutition  and  of  the  parts  concemed  in  it,  see  Boer? 
heave,  Friclect.  t,  i.  §  70 . .  2 ;  he  concludes  liis  description  witli 
the  following  remark ;  "  tarn  operosa  fit  arte  deglutitio,  tot  con- 
spirantes  organorum  adeo  multiplicium  et  concurrentium  acti- 
ones  hue  requirentur  "  Haller,  Prim.  Lin.  ch»  xviii,  §  607. .  62!  ; 
El*  Fhys.  xviii,  S.  2L  et  seq.  and  xviii.  f.  1.  et  seq.  According 
to  Morgagni,  we  are  indebted  to  Valsalva  for  much  of  our 
knowledge  respecting  the  muscles  which  are  concerned  in  de- 
glutition ;  see  Valsalva.  Op.  t.  i*  epist*  9-  tab.  5  and  6-  For  a 
description  of  the  oesophagus  and  its  appendages,  see  Beirs 
Anat*  V.  iv.  p.  40.  ,4;  Soemmering,  Corp.  Hum.  Fab*  t.vi. 
p.  201 .  .8.  i  109, .  126  ;  Monro  Tertius,  on  the  gullet,  p.  1 , .  5 ; 
iod  Elements,  v.  lii.  p,  508,  .512;  Bichat,  Anat.  Descrip.  t.  iii* 
p.  379.  ,397;  Dumas,  Physiol  t.  i.  p.  5U.,'253,  divides  the 
act  of  deglutition  into  four  stages,  **  temps  ;"  during  the  first, 
the  alimentary  mass  is  propelled  towards  the  gullet ;  during  the 
second,  the  cavity  dilates  and  receives  it;  during  the  third,  the 
mass  passes  into  the  pharynx ;  and  during  the  fourth,  it  is  trans- 
mitted down  the  oesophagus  into  the  stomach*  Magendie, 
fhystol.  t.  ii.  p.  54..67|  marks  tliree  stages;  by  the  first,  the 
mass  passes  from  the  mouth  to  the  pharynx  ;  by  the  second,  it 
filters  the  oesophagus ;  and  by  the  third,  it  is  transmitted  to 
the  Btomach.  A  view  of  the  muscles  concerned  in  degiutition, 
ift  oontained  in  Albiiuis,  Tab,  10,  11 »  12;  Santonni,  pi.  6» 
which  although  entitled  to  but  little  coffineeidatioa  m  n  work 


J 


4iO  Desdripiion  of  the  Stomach. 


of  the  abdomen,  to  which  it  gives  the  name  of  the 
epigastric  region.  The  structure  of  the  stomadi 
may  be  considered  physiologically  as  three-fold,  A 
large  part  of  its  substance  is  composed  of  membranous 
matter,  which  determiiias  its  form  and  capacity ;  it  is 
plentifully  furnished  with  muscular  fibres,  constitut- 
ing what  is  termed  its  muscular  coat,  and  it  is  lined 
internally  mtb  a  mucous  membrane,  which  appears 
to  be  more  immediately  connected  with  its  secretions. 
Anatomists  have  indeed  differed  considerably  in  the 
account  which  they  have  given  of  the  number  of 
what  are  termed  the  coats  of  the  stomach,  but  the 
difference  is,  in  a  great  measure,  verbal.  Those  who 
have  made  the  most  numerous  divisions,  have  pointed 
out  as  many  as  eight  distinct  textures;  first,  the 
peritoneal  covering,  below  which  are  two  strata  of 
muscular  fibres,  one  longitudinal,  and  the  other  cir- 
cular; a  cellular  coat  connects  this  with  the  more 
dense  membranous  expansion,  called,  according  to 
the  phraseology  of  the  older  anatomists,  the  nervoui 
coat;  below  this  is  another  cellular  coat,  within  which 
is  the  villous  or  innennost  coat.  Considered  physiologic 
cally,  these  may  be  all  reduced  to  the  muscuhu-  stratet 
and  the  internal  mucous  lining,  with  themembruous 
matter  which  lies  between  them.  It  woiQd  appear 
that  the  ultimate  termination  of  the  ner^'es  and  vei* 
sels  of  the  stomach,  so  far  as  they  can  be  actually 

of  art,  is  probably  a  correct  delineation  of  the  orgmg  rhicb  il 
represents,  and  this  couuiieaJatJon  may  be  justly,  bestoired  upon 
Watt's  **  Anatomical  Chirurgical  Viewa,  *'  the  GzecuUoo  rf 
which  is  6ti6'aiid  har^h* 
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traced,  is  on  the  external  surface  of  the  mucous  or 
innermost  coat,  and  it  seems  prohable  that  this  is  the 
seat  of  the  glands.* 

Besides  the  mucous  fluid  which  is  poured  out  by 
the  internal  membrane^  in  the  same  manner  with  all 

^  For  a  description  of  the  stomach,  its  form,  situation,  struc- 
ture, &c,  the  student  may  be  referred  to  the  following  works : 
Fabriclus  de  ventric-  Op.  p.  99-.  149;  Willis,  Pharm.  Rat, 
sect.  2;  Winslow,  sect.  8.  5  2.  43.* 71;  Boerhaave,  Praslect. 
t*  i.  §  73.  cum  tiotis  ;  Haller,  Prim.  Lin.  ch.  xix.  §  622* .  6,  and 
EL  Phys*  xix.  1.  6< .  11 ;  Blumenbach,  Inst.  Physiol,  §  552.  .4  ; 
Pordycc  on  Digestion,  p.  6. .  12;  ScEnimering,  Corp.  Hum.  Fab. 
t.  v(.  p.  209, .  228.  §  127 ..  147  J  Dertio  Mem.  Acad,  pour  1760, 
p.  58,  el  seq. ;  Sabatier,  Anat.  U  iu  p.  288,.  2;  and  Boyer, 
Anat.  t,  iv.  p.  332|  who  enumerate  four  coata,  the  membranous, 
the  muscular,  the  nervous,  and  the  villous ;  Bell,  Anat.  v.  iv. 
p.  44.  et  seq. ;  Bichat,  AiiaL  Descrip.  t  iii,  p.  39T,,4I5; 
Buisson,  the  editor  of  this  volume,  reduces  the  coats  of  the 
stomach  to  three,  the  serous,  the  muscular,  and  the  mucous ; 
Monro  Tert,  Elem.  v.  i,  p.  515 ;  and  Outlines,  v.  ii.  p.  115|  6; 
Fieraing's  Zool.  v.  i.  p.  3 J 4.  et  seq.  ;  in  Bell's  Dissect,  pi.  4*  we 
have  an  e^ccellent  view  of  the  stomach,  and  its  contiguous  parts  ; 
we  have  also  a  very  characteristic  drawing  of  the  stomach  by 
Mr.  Bauer,  PhiL  Tram,  for  1821,  pi,  4.  With  respect  to 
Willis's  description  of  the  coats  of  the  stomach,  it  is  not  a  little 
remarkable  to  observe  the  hifluence  of  words  upon  opinions; 
although  a  person  of  much  knowledge  and  judgment,  and  one 
who  had  particularly  attended  to  the  nervous  system,  he  sub- 
scribes to  the  opinion  of  the  old  anutomists,  that  the  sensibility 
of  the  stomach,  and  the  other  parts  of  the  digestive  organs,  Is 
seated  in  what  was  called  the  nervous  coat ;  see  Pharm.  Rat, 
p,  6,  13.  Among  the  older  physiologists  or  anatomists,  who 
have  given  ub  characteristic  views  of  the  stomach ,  and  the  parts 
comiected  with  it,  we  may  select  Vesalius,  De  Corp.  Hum*  Fab. 
lib.  V.  fig.  10. .  19  ;  Eustachius,  Tab.  Anat.  No.  10.  fig,  1,  2,  3; 
Buyscbi  Thes.  Anat.  2.  tab.  5;  Santorinii  tab.  1 1 . 


other  bodies  of  a  similar  texture,  the  stomach  hn 
been  supposed  to  possess  glands  that  secrete  thi 
peculiar  fluid  called  gastric  juice,  which  acts  so  ii 
portant  a  part  in  the  process  of  digestion  ;  the  es 
cncc,  however,  of  any  distinct  glands  for  this  pi 
is  rather  inferred  from  the  effects  which  it  is  suppos 
that  they  produce  through  the  intervention  of  theii 
secretion,  than  from  our  being  able  to  demonstrat 
their  existence.^  The  membranous  substance  of 
stomach  appears  to  he  peculiarly  distensible,  so  a$ 
admit  of  having  its  capacity  much  increased,  while 
its  muscular  fibres  give  it  a  high  degree  of  eontracti-J 
Mty,  by  which  means  its  bulk  is  capable  of  beinj 
diminished  as  occasion  requires,  and  is  thus  always 
exactly  ad^^ted  to  the  quantity  of  its  contents. 

The  muscular  fibres  being  connected  to  the  mem- 
brane either  individually^  or  in  small  separate  grouj 
not  only  enable  the  stomach  to  contract  in  its  who 
extent,  and  in  all  directions,  but  bestow  upoo 
separate  parts  the  power  of  successively  contracting 
and  relaxing,  so  as  to  produce  what  is  termed  it 
peristaltic,  or,  perhaps,  more  appropriately,  its  ver^^ 
micular  motion.^     The  action  of  these  fibres  apj 

7  See  Hallcr,  EL  Phys.  xijc,  J.  H;  BelU  Anat.  v.  iv.  p,  58  j 
Winslow  sajs  that  the  glands  are  situated  on  the  interual  vur^ 
face  of  what  is  termed  the  nervous  coat,  and  that  tliere  are  j 
forations  in  the  innermost  coat,  which  aflbrd  a  pasaage  to  tb^l 
excretory  ducts  ;  Sect.  8*  §  2  ;  byt  it  may  be  questiooed  whether  j 
this  was  the  result  of  actual  obiervation. 

"  Halkr,  EL  Phys.  xix,  4*  9, 10;  Boyer,  Aoat  U  iv.  p.5S3.*.1 
5  ;  supposes  the  muscular  6bres  of  the  stoniadi  to  be  dit[ioii4] 
in  tlirce  layers,  tlie  first  being  a  ^cDatiauatiafi  pf  ihose  ^TM 
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to  be  sa  directed  as  to  produce  two  mecliauical  effects; 
in  the  first  place,  the  successive  contraction  of  each 
part  of  the  stomach,  by  producing  a  series  of  folds 
and  wrinkles,  serves  to  agitate  the  aUmentary  niasSi 
and  by  bringing  every  part  of  it  in  its  turn  to  the 
surface,  to  expose  it  to  the  influence  of  the  gastric 
juice,  while,  at  the  same  time,  the  whole  of  tho 
contents  are  gradually  propelled  forwards  from  the 
orifice,  which  is  connected  with  the  cesophagus,  to 
that  by  which  they  are  discharged.  These  fibreS| 
like  all  those  whicli  compose  the  muscular  coats, 
are  not  under  the  control  of  the  will. 

There  are  few  parts  of  the  body  which  are  more 
copiously  provided  with  blood  vessels  tlian  the  sto* 
inach,  a  circumstance  which  is  evidently  connected 
with  the  great  degree  of  vitality  possessctl  by  this 
organ<^  Its  nerves  are  likewise  very  numerous,  and 
are  remarkable  for  the  variety  of  sources  whence  they 
are  derived.  It  not  only  partakes  of  the  ganglionic 
nerves,  which  are  thickly  dispersed  over  it,  in  common 
with  the  neighbouring  viscera,  but  it  likewise  derives 
a  supply  of  nerves  from  the  spinal  cord,  and  is  dis- 
tinguished from  all  the  other  parts  of  the  body,  except 
what  are  termed  the  organs  of  sense,  by  having  a  pair 

oesophagus,  the  next  the  transverse  or  circular  fibres,  and  lastly, 
two  large  muscular  bands,  which  are  situated  obliquely  to  each 
other.  One  of  tlie  first  accurate  descriptions  that  we  have  of  the 
muscular  coat  of  the  stomach  is  by  Berlin,  Mem.  Acad,  pour 
1760,  p.  58.  et  seq. 

9  Hallcr,  ELPbys.  xix.  4.19;  Blumenbach,  Iml.  FhysioJ, 
§  356. 
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of  cerebral  nerves,  almost  entirely  devoted  to  it, 
though  it  is  situated  at  so  great  a  distance  from  tb 
brain/     The  specific  uses  of  all  these  nerves  will 
more  fully  considered  hereafter  ;   but  1  may  remark, 
in  this  place,  that  the  stomach  appears  to  possess,  ini^J 
a  very  high  degree,  many  of  the  powers  which  ara 
ascribed  to  the  nervous  influence,  it  is  exquisite 
sensitive,  while  it  partakes  remarkably  of  the  general 
actions  of  the  system,  and  sympathizes  with  all  i 
changes,  so  that  it  may  he  regarded  as  a  kind 
common  centre,  by  which  the  organic  functions  are! 
connected  together,  and  their  motions  regulated. 

The  extremity  of  the  stomach,  by  which  the  food 
is  received,  is  termed  the  cardia,  that  by  which  it  it 
discharged  the  pylorus ;  the  latter  is  furnished  with 
a  fold  of  the  membranous  coat,  and  also  with  a  num- 
ber of  miiscidar  fibres,  possessing  in  some  degree  the 
property  of  a  sphincter,  so  as  to  retain  the  food  omtil 
it  is  in  a  proper  state  for  being  discharged,''  and  tbuf 

*  Wms1ow*j3  Anat.  v*  ii.  secL  S*  §  2,  par,  78,  9;  Haller,  EU 
Phys.  xk*  L  21 ;  Blamenbacli,  Inst*  Phys.  §  355,  p.  201  ;  Beiri  I 
Anat.  V,  iv.  p.  €4- ;  he  observes  that  the  par  vagum  is  distributed [ 
priticipally  over  the  cardia,  and  that  this  appears  to  be  the 
sensitive  part  of  the  stomach.    Of  Waller  f  plates.  Nob.  3  and  ' 
it  is  impossible  to  speak  too  higlity  ;  the  accuracy  ofibe  drawings] 
and  the  clearness  of  the  engraving,  are  equally  deserviog  of  j 
admiral  ion. 

^  The  peculiar  office  and  functions  of  tlie  pylorus  ts  one  of] 
those  subjects  that  was  considered  by  the  older  anatonusts  ai  J 
something  singularly  wonderful  or  mysterious.  The  ddicatJi|( 
sensibiUty  of  the  stomach  was  conceived  to  reside  chiefly  io  tlib  { 
part,  and  it  was  also  thought  to  produce  some  specific  effect  (^  I 
llie  processor  digestion,  which  could  only  be  explained  by  sup« 
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resisting  the  veniiicular  action  of  the  muscular  coat, 
when  it  would  tend  to  propel  the  aliment  through 
the  pylorus,  before  it  bad  undergone  the  requisite 
preparation.  The  food  is  also  prevented  from  being 
too  quickly  discharged  hy  the  relative  situation  of 
the  card] a  and  the  pylorus  ;  as  the  stomach  lies 
across  the  abdomen,  these  two  orifices  are  nearly  on 
the  same  horizontal  line,  and  in  consequence  of  the 
form  of  the  organ,  and  the  connexion  of  the  neigh- 
bouring parts,  whenever  it  is  distended  with  food,  a 
large  part  of  its  contents  will  be  below  the  level  of 
the  pylorus,^  so  that  it  must  require  a  considerable 
force  of  muscular  contraction  in  the  stomach  to  dis- 
charge its  contents,  in  which  it  is  probably  aided  by 
the  diaphragm  and  the  abdominal  muscles,'* 

posing  it  lo  be  endowed  with  certain  extraordinary  powers  and 
qualities.  Vanhelmont  conceived  it  to  be  the  pecuhar  teat 
of  the  soul,  ati  opinion  to  which  WilHs  gives  a  degree  of 
support, 

M.  Hicherandascribes  to  it  something  hke  intelligence,  when 
he  says  that  it  has  a  peculiar  tact,  which  enables  it  to  select  from 
the  contents  of  the  stomach  what  is  proper  to  pass  through, 
while  it  rejects  the  remainder ;  Physiol.  %  23*  p»  111,2. 

3  It  has,  however,  been  remarked  by  anatomists,  that  although 
it  is  the  great  curvature  which  principally  becomes  distended 
when  food  is  received  into  the  slomach,  and  that  we  are  in  the 
habit  of  considering  this  as  the  lower  part  of  the  organ,  yet  by 
distention,  this  part  is  protruded  forwards  as  well  as  downwards, 
BO  that>  perhaps,  there  may  be  no  greater  portion  of  the  contents 
below  the  level  of  the  pylorus  than  in  the  more  contracted  state 
of  the  organ*  But  it  is  probable  that  the  mere  power  of  gravity 
is  but  little  concerned  in  the  transmission  of  the  food  through 
the  stomach.  See  Haller,  El.  Phys,  xix.  ^,  5. 
L  A  Haller,  Eh  Pbys.  xix,  i.  2,  S, 
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TIic  intestiDal  canal,*  which  reccires  the  alimc 
when  it  leaves  the  pylorus,  is  a  long  winding  cyl 
drical  tube,  yarying  much  in  its  different  parts,  as 
its  form  and  diameter,  hut  which,  like  the  storoi 
may  be  coiisulcrcd  as  cssentiaDy  consisting  of  thre 
structures,  the  membranous,  the  muscidar,  and  tt 
mucous,  each  of  which,  like  the  corresponding  pa 
of  the  stomach,  serves  respectively  to  give  the  organ 
its  general  form,  to  impart  to  it  a  degree  of  contrac 
tllity,  and  to  furnish  the  appropriate  secretions,  Th^ 
intestines  have  been  divided  by  anatomists  into  thi 
two  great  classes  of  small  and  large,  a  division  whic 
refers  entirely  to  the  diameter  of  the  parts,  but 
may  also  be  connected  with  certain  specific  different 
in  their  form,  structure,  and  situation.  Each  of  th^ 
two  portions  is  tlieu  subdivided  into  three 
which,  commencing  with  the  stomachy  have  raoeii 
the  names  of  duodenum,  jejunum,  and  iliumt  for  ' 
small,  and  coecum,  colon,  and  rectum,  for  the  lar| 
intestines. 

The  division  into  the  small  and  large  intestine 
may  be  considered  as  founded  upon  their  physiologie 
nature,  as  well  as  upon  their  anatomical  structurcfl 

J  For  a  description  of  the  form  aod  structure  of  the 
eanaJ*  it  may  be  sufficient  to  refi^r  to  Haller,  El.  Phys,  Ub,  %%tfi 
Monro  Prim.  Ed.  Med,  EsEay^t  v.  iv.  p*  76. .  92,  a  paper  < 
contains   much   important  inibrmation   respecting   tbfs 
mnatomy  of  tlie  parts  ;  Blumenbach^  Inst.  Fbys.  seet*  %  i  BeJI^I 
Amu  v.  iv.  p,  70.  .83;  Monro  Tert.  Elem.  v*  i.  p*  5SS.«660i| 
We  have  an  interesting  account  of  the  oomparatiiFe  lOttlMq 
these  organs  in  Blumenbach,  Camp.  Aoat.  note  A,  p.  177,  J 
in  Sccmmcringi  CQr\r.  Hum.  Fab.  t.  vi»p.'261.  etsei). 
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for  it  appears  to  be  in  tlie  former  alone  that  any  part 
of  the  digestive  process  is  carried  on,  the  latter  being 
solely  intended  to  remove  from  the  system  the  refuse 
matter,  which  is  incapable  of  undergoing  the  process 
of  chylification.  With  respect  to  the  small  intestines 
there  are  no  definite  characters,  either  anatomical  or 
physiological,  by  which  the  jejunum  and  ilium  can 
be  distinguished  from  each  other ;  but  the  case  is  dif- 
ferent with  respect  to  the  duodenum,  the  structure 
and  functions  of  which  are  sufficiently  appropriate,*^ 

^  HalJer  proposes  to  denominate  the  whole  of  that  portion 
of  the  small  intedtlnes^  which  lies  hehiad  tlie  mesocolon,  the 
duodenum^  and  to  apply  the  term  small  intestines,  intestinum 
*tenue,  to  the  remainiog  part,  as  the  jejunum  and  ilmm  entirely 
agree  in  their  structure  and  functions^  and  are  obviously  different 
from  the  duodenum  in  these  respects.  It  is  only  pardalEy  covered 
bj  the  peritonBDum^  it  is  tirmly  attached  to  the  spine^  not  merely 
connected  to  it  by  a  loose  membranei  as  ii  the  case  with  the 
other  parts  of  the  small  intestines,  its  diameter  is  larger,  it  is 
more  vascular  and  glandular,  its  muscular  fibres  are  stronger, 
and  it  has  larger  folds ;  the  pancreatic  and  biliary  ducts  open 
into  it*  See  Winslow's  Anat.  v.  ii*  sect-  8.  k  3*  par>  I0{^.  et  seq* ; 
Haller,  Prim,  Lin.  ch.  2*.  §  719^  not.  *•  ad  §  96.  in  Doerhaavep 
Prtelect.  and  EL  Phys.  xxiv,  L  4",  5 ;  also  BelPs  Anat*  v.  iv, 
p»  65.;  Fordyce  on  Digestion,  p.  15.. 9;  Monro  3*.  Elem. 
V.  I.  p.  534,  where  we  have  the  description  of  the  duodenum  by 
Monro  Frim.,  copied,  although  with  some  variations,  from  the 
Ed.  Med.  Essays,  v  Jv.  p>  66. .  8 ;  this  essay  is  accompanied  by  a 
plate;  see  also  Sandifort,  Tab.  Duod. ;  Sccmmeriug,  Corp.  Hum. 
Fab,  t.  vi.  p.  ^83. .  5*  §  182. .  5  ;  Richerand,  Physiol.  §  25.  p.  1 15^ 
6;  Bichat,  Anat.  Des.  t.  iii.  p.  416.  .421  ;  Santorini,  C.  9.  §  7. 
p>  ]66t  7.  The  duodenum  has  been  named  by  some  anatomists 
Ihe  ventrjeulus  succenturiatus,  or  accessory  stomach>  as  being 
the  organ  in  which  the  process  of  chylification  appears  to  be 
perfected ;  Claussen,  de  Duodena^  in  Sand.  Thes,  t.  tti.  p,  27^. 
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It  appears,  indeed,  to  be  the  part  which  is  subservient 
to  the  important  process  of  chylification,  while  the 
oflSce  of  the  jejunum  aud  ilium  is  principally  confined 
to  abstracting  the  chyle  from  the  residual  mass ;  this 
is  accomplished  by  its  being  gradually  trausmitted 
along  their  cavity,  thus  pennitting  the  lacteals  to 
absorb  the  nutritive  part,  as  it  is  brought  into  contact 
with  their  orifices.  The  means  by  which  the  absorp- 
tion is  effected,  wJl  be  considered  in  the  following 
chapter. 

In  the  course  of  this  work,  I  have  confined 
attention  for  the  most  part,  to  the  fimctions  as  thi 
exist  in  man,  and  in  the  animals  which  the  most 
nearly  resemble  him,  mth  only  occasional  observati 
on   comparative   physiology.     There  are,    howev 
some  remarkable  deviations  from  the  ordinary  foi 
and  action  of  the  digestive  organs,  even  among  ti 
higher  classes  of  animals,  of  which  I  shall  give  a  m 
particular  description,  not  only  in  consequence  of 
interest  which  may  be  attached  to  them  consid 
individually,  but  more  especially,  from  the  mfono 
tion  which  they  afford  us  concerning  the  function 
digestion  generally,  by  noticing  the  peculiarities 
their  structure,  and  observing  the  relation  which  ti 
several  parts  bear  to  the  operations  of  the  hu] 
organs,     I   refer  to  the  comj>ound  stomachs  of 
rtiminating  animals,  and  to  the  strong  musctdar 
machs  of  certain  birds* 

{  l^,  0;  see  Sabatler,  Anat,  t.  iL  p.  302,  d ;  Boyer,  Anai  I*  i 
p.  545;  Chaussier,  in  Diet.  de«  Scien.  Med.  t.  ix.  p.  4S9..I| 
and  DuiDfls,  Physiol*  t«  i.  cii*  10. 
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Many  of  the  Tnammalia  possess  a  stomach  of  a 
much  more  complicated  structure,  aud  possessed  of 
a  much  greater  variety  of  distinct  parts,  than  that 
of  man.  These  animals  feed  principally  on  the 
leaves  or  stalks  of  plants,  which  they  take  in  large 
quantity  ;  the  food  is  swallowed,  in  the  first  instance, 
Tvithout  much  mastication,  and  is  received  into  a  ca- 
pacious cavity,  called  venter  magnus,  or  paunch, 
where  it  remains  lor  some  time,  as  if  for  the  purpose 
of  being  softened  or  macerated*  Connected  with 
this  is  a  much  smaller  cavity,  which,  in  consequence 
of  its  internal  coat  being  drawn  up  into  folds,  that 
lie  in  both  directions,  so  as  to  leave  between  them 
a  series  of  angular  cells,  has  obtained  the  name  of 
reticulum,  or  honey-comb.  From  this  second  sto- 
mach the  food  is  again  brought  up  into  the  month, 
in  the  form  of  a  rounded  ball,  and  is  then  masticated 
by  the  animal,  until  it  is  sufficiently  comminuted, 
constituting  the  process  of  rumination,  or  chewing 
the  cud.  The  mass,  when  duly  prepared,  is  again 
swallowed  ;  but  it  now  passes  by  the  first  and 
second  stomach,  and  is  conveyed  into  the  third  cavity, 
called  omasum,  or  maniplies,  distinguished  by  the 
broad  folds  or  ridges  of  the  mner  membrane,  which 
are  disjiosed  longitudinally,  and  differ  from  those  of 
the  reticulum,  in  not  being  crossed  by  others  in  the 
coctrary  direction  ;  it  is  also  of  smaller  size  than 
any  of  the  other  cavities.  From  this  the  food  is  sent 
into  the  fourth  stomach,  named  abomasum  or  read, 
which  is  of  a  larger  size,  although  much  less  than  the 
paunch,  is   of  an   irregular  conical   form,  the   base 
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beiog  turned  towards  the  oniasiiin»  lined  with  a  mueous 
ar  villous  coat,  which  is  disposed  into  rugae  like  thoip 
of  the  third,  and  appearing,  in  its  structure  and  func- 
tions, to  be  most  analogous  to  the  simple  stomach  of 
man  and  the  other  mammalia.* 

*  W^  have  a  rery  complete  account  of  the  digestive  orgm 
of  ruminant  animals  by  Peyer  in  his  Mericologia  ;  they  are  de- 
scribedj  as  it  appears,  with  great  roinutenessp  accompanied 
with  coarse^  but  expressive  engravings.  We  have  excelleot 
views  of  the  parts  by  Dauhentoii^  in  Buffbo's  great  work,  Kat 
HIe»t.  des  Anim.  t.  Iv.  pL  15. .  8,  and  by  Sir  Ev.  Home  io  ftil 
Trans,  for  1806,  p.  362.;  5,  pL  15  and  16;  and  Led.  Com^ 
Anat.  V.  ii,  pL  21  ,25.  See  also  Haller,  EL  Phyg.  xix.  L2; 
and  xix.  4.  15  ;  and  Cuvier,  Le^.  Anat.  Comp.  t.  iii.  p.  S6S..^. 
Among  the  older  physiologists  we  have  a  good  deaeriptton  of 
the  parts  by  Fabric! us,  in  his  treatise  **  De  Yarieuite  VeetMi* 
loruin;"  Op.  p.  128*  ^i  seq*  Th^  reader  m^y  CDOeuU  iritl^ai^ 
vantage  Grew's  work  on  the  Compar*  Anat.  of  the  $iQimch$ 
a  treatise,  whicli  in  a  short  eon^pass,  contains  many  vduoU^i 
and  probably  original  obser\*attons,  respecting  the  cocnparativi 
anatomy  of  the  digestive  organs ;  also  Glisson,  de  Vcnfiicttk^ 
Ch«)*  §  9.ASi  p.  1^3,. 7*  There  are  certain  animak  vh&ob 
appear  to  possess  a  kind  of  intermadiata  stomach,  !>etwfai  tbi 
simply  membranous  recaptaclc,  and  the  compH^^^ted  stcuctuif 
of  the  ruminants.  This  is  particqlarly  the  case  wiUi  the  boistt 
in  which  the  two  halves  of  the  stomach  possess  an  obf iouslj 
dtl^refit  strticturep  the  I«fl  side  ieenung  |o  be  intended  merriy 
aa  a  retervotr  for  the  foodj  wliile  the  right  half  is  provided  wilk 
the  villous  coat  and  the  gbndular  apparatus  to  adapl  il  for  ihf 
purpose  of  chymtiic&tion  ;  Bertin^  Mem.  Acad.  Scien.  pour 
1746,  p.  23.  et  seq, ;  fig.  2,  Blumenbach^  Comp.  Anat.  }  87, 
p*  153.  and  note  C.  p,  153.  From  the  remarks  of  Prof.  Monro 
it  appears  somewhat  doubtful  how  far  this  strueture  eiuati  b  tfctf 
liiiiiianitomach^  as  has  been  supposed  bysomephyaiologiaUtOiil* 
^bes,  V.  ii.  p.  1 1 1 . .  5.    Huntt^r  informs  us  that  the  while  { 
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There  is  some  doubt  as  to  tbe  effect  whicb  is  pro- 
duced by  tbe  different  parts  of  this  coniplicatcd  ap- 
paratus, and  as  to  the  use  which  they  ser^^e  in  the 
ceconomy  of  the  animal.  It  is,  liowever,  pretty  clear 
that  the  object  of  the  first  stomacli  is  principally  that 
of  maceration,  which  is  still  further  completed  in 
the  reticulum,  that  this  cavity  as  \vell  as  the  omasum 
contain  secretions  which  are  mixed  with  the  aliment, 
whicb  it  may  be  presumed  are  more  or  less  similar  to 
the  saliva,  while  it  is  in  the  abomasum  that  the  pro- 
per digestive  operation,  that  of  chymification,  is  con- 
ducted.' There  has  been  much  discussion  concern- 
ing the  final  cause  of  this  arrangement,  orcouceniing 
the  cause  why  the  maceration  and  mastication  of  the 
food  is  effected  in  a  different  manner  in  these  ani- 
Ifttals  from  wliat  it  is  in  those  that,  in  other  respects, 
the  most  nearly  resemble  them.  The  popular  opi- 
nion is,  that,  from  the  nature  of  their  food,  tbe  large 
quantity  of  it  which  these  animals  require  for  their 
support,  and  the  consequent  length  of  time  which 
is  necessary  for  its  complete  mastication,  it  %vas  re- 
quisite that  it  should  he  more  completely  macerated, 
and  be  mixed  with  a  greater  proportion  of  the  dif- 
ferent mucous  secretions,  thau  h  the  caf^e  in  the  or- 

four  stomachs,  which  in  their  stnicture  and  appearance  bear  a 
considerable  resemblance  to  the  digestive  organs  of  tbe  rami* 
nants  ;  but  it  appears  that  tbey  do  not  correspond  in  their  uses, 
as  in  this  class  of  animals  the  second  cavity  seems  to  be  that 
in  which  chyme  is  produced;  Phil,  Trans,  for  1787,  p.  410>  I* 
9  Hunter  on  the  Animal  CEconomy,  p.  212,  3. 
2g2 
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clhiary  iwocess,^  It  lias»  liowever,  been  doubted  how 
far  this  hypothesis  can  be  maintained,  as  there  are 
some  of  tlie  ruminant  animals,  where  the  organs  of 
mastication,  as  well  as  the  general  habits  of  the  ani» 
nial,  would  appear  to  be  adequate  to  the  preparation 
of  the  food  by  means  of  a  simple  stomach.^  \Miea 
animals  that  possess  ruminant  stomachs  take  in  li- 
quids, they  are  conveyed  in  the  first  instance  into  the 
second  stomach,  where  they  serve  to  macerate  the  food 
as  it  passes  from  the  paunch,  so  as  to  prepare  it  for  the 
process  of  rumination.^  While  the_young  animal  is 
nomished  altogether  by  the  mother's  milk,  it  passes 
directly  through  the  third  into  the  fourth  stomach, 
and  it  is  not  until  they  begin  to  eat  solid  food  that 
rumination  is  established.  It  has  been  supposed  that 
the  act  of  rumination  is  under  the  control  of  the 
will,  and  that  the  animals  possess  a  voluntary  power 
of  conveying  the  food  at  pleasure  either  into  the  first 
or  the  fourth  stomach,  and  of  returning  it  from  the 
third  stomach  into  the  mouth,  * 

»  It  was  supposed  by  some  of  the  ancient  anatomists,  as  ii 
apjiears  by  Galen  and  Aristotle,  that  the  use  of  this  pnrticuttr 
organization  of  the  stomach,  was  to  compensate  for  the  dcfi* 
ciency  of  the  incisor  teeth,  the  materials  of  which  ure  applW 
to  the  farmation  of  the  horns.  See  remark!  upon  thU  oplainti 
by  rabriciuR»  de  Variet.  Ventr.  Op.  p,  131,  2. 

^  Blumenbacli,  Comp.  Anat>  by  Lawrence,  p.  15i* .  B* 

1   Home  in  PliiL  Trans,  for  1806,  p   $6S, 

i  Grew»  Comp.  Anat.  of  the  Stomach,  &c*  Ch,  v.  p,  26;  Rny'i 
Wisdom  of  God,  &c.  p.  275  ;  Blumenbach,  Comp,  Anat,  %  90»  i» 
p.  I  d7f  B.    Tlie  mechantsin  of  these  part^,  as  cooaected  wttfc 
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The  other  animals  to  which  I  alluded^  as  possess^ 
ing  a  peculiar  kind  of  stomachj  are  certain  tribes  of 
birds*  Birds,  although  not  provided  with  teeth,  or 
any  other  organ  of  mastication,  many  of  them  feed 
upon  hard  grains  or  other  substances/  which  the 
gastric  juice  does  not  seem  to  he  capable  of  dis* 
solving  while  in  their  entire  state.  To  supply  this 
deficiency,  the  birds  who  employ  a  diet  of  this  de- 
gcription  are  provided  with  two  peculiar  organs,  the 
crop  or  craw,  ingluvies,  and  the  gizzard,  ventriculus 
bulbosus.     The  crop  is  a  large  membranous  cavity, 


each  other y  and  their  relative  actionB,  arc  so  curious,  and  exhibit 
so  remarkable  an  example  of  mechanical  contrivance,  that  I  shail 
quote  the  account  which  is  given  of  it  by  B!umenbach.  **  The 
three  first  stomachs  are  connectetl  with  each  other,  and  with  a 
groove^like  continuation  of  the  oesophagus,  in  a  very  remark- 
able way.  The  latter  lube  enters  just  where  the  paunc!*,  the 
second  and  third  Btomachs  approach  each  other ;  it  la  then  con- 
tioued  witli  tlie  groove,  which  ends  in  the  third  stomach.  This 
groove  is  therefore  open  to  the  first  Btoniaclis,  which  lie  to  its 
ri|^ht  and  left,  But  the  thick  prominent  lips,  which  form  the 
margin  of  the  groove,  admit  of  being  drawn  together  so  as  to 
form  a  complete  canal :  which  then  constitutes  a  direct  cunti* 
nuation  of  the  oesophagus  into  the  third  stomach.  The  func- 
tions of  this  very  singular  part  will  vary,  according  us  we  con- 
fiider  it  in  the  state  of  a  groove,  or  of  a  closed  canal.  In  the 
fir^t  case,  the  grass,  &c.  is  passed,  after  a  very  slight  degree  of 
mastication,  into  the  paunch,  as  a  reservoir.  Thence  it  goes 
in  small  portions  into  the  second  stomach,  from  which,  after  a 
further  maceration p  it  is  propelled,  b}^  a  kind  of  antiperistaltic 
motion,  into  the  oesophagus,  and  thus  returns  a^ain  into  the 
mouth.  It  is  here  ruminated  and  again  swallowed,  when  the 
groove  Is  shut,  and  the  morsel  of  food^  after  this  second  mas'* 
ti cation^  is  thereby  conducted  into  the  third  stomach/' 
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attached  to  the  lower  end  of  the  oesophagus^  in  which 
the  food  is  received  when  it  is  first  swallowedt  and 
where  it  appears  to  be  softened  by  the  secreted  fluids 
of  the  part  After  a  due  degree  of  this  kind  of  mace* 
ration^  it  is  transmitted  to  tlic  apparatus  called  the 
gijczard.  Tliis  is  a  cavity  of  a  moderate  size  and 
flattened  spherical  form,  composed  of  four  strong  mus- 
cles. Two  of  these,  which  constitute  the  greatest 
part  of  its  bulk,  aie  of  an  hemispherical  shape,  of  a 
peculiarly  dense  and  firm  texture,  and  lined  int 
nally  with  a  thick  callous  membrane,  of  the  uatu 
of  cartilage.  Attached  to  these,  forming,  as  it  wei 
t^  ends  of  the  cavity,  are  two  other  muscles, 
much  smaller  dimensions,  hut  of  the  same  struct 
and  consistence.^  There  is  an  orifice  which  sat 
the  food  to  pass  in  small  successive  portions  from 
crop  into  the  cavity  of  tlic  gizzard,  and  the  eflTect 
the  contraction  of  the  two  large  muscles  of  this  pa 
is  to  move  them  laterally  and  obliquely  upon 
other,  so  that  whatever  is  placed  between   them 


s  Blumenbach^s  Comp.  Anat  §  99*  Grew  describes 
gizzard  as  comisting  of  six  eiuscles ;  four  large  ones  whic 
compoBe  iu  principal  substanee,  and  two  that  are  much  smallerl 
Coofip*  Anat.  of  llit;  Stomach,  p.  34-.  These  two  latter 
however,  only  appendages  to  the  gizzarJ,  and  serve  to  condu 
the  food  into  it*  cavity  frnm  the  hdhus  glandulosu*.  \Vc  bafi 
a  good  view  of  the  whole  apparatus^  as  k  exists  in  the  turke] 
by  Mr,  Clift,  accompanying  a  paper  of  Sir  E,  Homers  io 
Trans*  for  1807,  pl^  5.  fig.  I.  See  also  Lect-  on  Cotnp* 
V.  2.  ph  49,  62*  For  some  valuable  observationa  on  the  actio 
of  the  gizzard  we  aro  indebted  to  J*  Hunter ,  Aiuo, 
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subjected  to  a  very  powerful  cambined  action  of  frie- 
ti<m  and  pressure*  The  force  of  trituration  which 
these  muscles  exercise,  is  almost  inconceivably  great, 
so  as  not  only  to  break  down  the  hardest  grains,  and 
reduce  them  to  a  complete  pulp,  but  even  to  grind  to 
powder  pieces  of  glass,  and  to  act  upon  siliceous 
pebbles,  and  masses  of  metal,  while,  at  the  same 
time,  the  cuticular  lining  is  so  dense  and  impenetra- 
Me,  as  not  to  be  injured  by  the  introduction  of  lan- 
cets or  other  bodies  with  sharp  cutting  edges,  which 
have  been  introduced  into  the  cavity  by  accident  or 
for  the  sake  of  experiment/^ 

The  action  both  of  the  crop  and  the  gizzard  must 
be  considered  as  essentially  mechanical,  the  latter 
being  equivalent  to  the  teeth,  and  the  former  appear- 
ing to  serve  merely  for  the  purpose  of  maceration. 
We  always  observe  a  strict  connexion  between  the 
fbod  of  birds  and  the  nature  of  their  stomachs,  tliose 
dlone  possessing  the  gizzard  who  employ  substances 
which  the  gastric  juice  w^ould  not  be  able  to  dissolve 
in  the  entire  state.  The  stomachs  of  carnivorous 
birds  are  termed  membranous,  in  opposition  to  the 
strongly  muscular  organs  which  have  been  described 
above  ;  these,  however,  are  plentifully  furnislied  with 


*  For  facts  on  this  Bubject  see  Acad*  <lel  Cimento,  p.  26S,  9 ; 
Borelli,  de  Motu  Anim.  t.  ii.  prop.  189 ;  Redi,  Esperiense  in- 
torno  a  diverse  cose,  p«  89.  et  seq.  i  and  Spallansani,  Dissert* 
i.  §5.  .8  and  10..  22.  Prof.  Kidd  has  nujiced  a  remarkable 
analogy  bctwre^n  the  drgestive  organs  of  the  mole  cricket, 
grytlus  grylloCalpa,  and  the  stomachi  of  granivorous  birds  ; 
Phil.  Trans,  for  1835,  p»  222. .  5,  fig,  6,  7j  S. 
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muscular  fibres,  and  possess  the  same  kind  of  pe 
staltic^aiid  vermicular  motion  with  the  humau  stomacli 
and  those  of  the  uon-ruminaut  mammalia. 

Most  anatomists^  iu  describing  the  muscular  sto- 
machs of  granivorous  birds,  speak  of  the  gizzard  a& 
analogous  to  the  digesting  stomach  of  man,  or  of 
the  iion^ruminant  quadrupeds,  that  is,  the  organ  by 
which  cliymeis  produced,  whereas^  strictly  speaking, 
it  is  merely  a  substitute  for  the  oi^ans  of  mastication. 
Grew,  whoso  remarks  on  these  parts  are  very  judid* 
Dus,  although  he  seems  to  have  considered  the  action 
of  the  gizzard  as  entirely  mechanical,  docs  not  point 
out  any  provision  for  the  production  of  chyme,  pro- 
bably because  he  considered  trituration  as  alone  oara- 
petent  to  the  process.  He  aptly  describes  the  ghwiaA 
as  a  part,  "  wherein  the  meat,  as  in  a  mill,  is  ground 
to  pieces,  ami  then  pressed  by  degrees  into  the  guts 
in  the  fonn  of  a  pulp.  For  which  purpose  the  de- 
ductor  serves  to  deliver  the  meat  from  the  echinus  to 
the  laboratory,  as  a  hopper  to  a  mill.  The  four 
grinders,  or  chief  operators,  are  the  milUstones* 
He  then  goes  ou  to  explain  very  correctly  the  mode 
in  which  the  uiuscles  act."  The  same  remark  appliei* 
to  Pcyer,  who  gives  a  full  and  correct  accouut  of 
the  structure  of  the  ])arts,  and  seems  to  consider  the 
sole  office  of  the  crop  and  gizzard  to  lie  for  uuicera- 
tion  and  trituration,''  Spallanzani,  after  pronng,  in 
the  most  decisive  manner,  that   the  action  of  the 

y  Com  par.  A»at*  of  the  Stomach,  Ch.  ix.  p.  40,  l.- 
•  Atiat.  Ventr.  GbII.  in  Mnnget,  Bibl,  Anat.  t-  i,  p.  172.     See 
ilio  Haller,  EI.  Pbjs.xix.  1.  7,  andFordyce  on  Dige&t,  p.  171 
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mugciilar  stomachs  is  essentially  mocbaincal,  and  that 
grains  and  other  hard  bodies  are  not  digested  when 
they  are  protected  from  the  effects  of  trituration, 
proceeded  to  inquire  how  the  triturated  matter  is 
converted  into  chyme,  and  seems  to  have  established, 
that  this,  or  any  other  soft  substance,  is  acted  upon 
by  the  gastric  juice,  as  in  membranous  secreting  sto- 
maelis.  This  fluid  cannot  be  furnished  by  the  gizzard 
itself*  as  its  structure  is  evidently  not  adapted  for 
secretion,  but  by  a  glandular  apparatus  which  is  si- 
tuated at  the  lower  end  of  the  oesophagus.^ 

We  may  remark  that  birds,  which  have  no  organs 
of  mastication,  liave  no  salivary  glands,  the  secre- 
tions that  arc  providetl  by  the  appendages  to  the 
stomach  supplying  the  necessary  fluids  :  ^  the  bulbus 
glandulosus,  or  echinus,  which  is  situated  near  the 
termination  of  the  esophagus,  and  which  is  found 
in  almost  all  birds,  is  probably  the  supplementary 
part^  In  this  case,  as  in  others  of  an  analogous 
kind,  .besides  the  birds  wbicli  have  the  stomach  of  a 
decidedly  muscular,  or  of  a  decidedly  membranous 
structure,  there  are  many  which  have  what  may  be 
termed  intermediate  stomachs  ;  of  these  a  copious 
list  is  given  by  Haller,  ^ 

9  Diss.  N^L  §3,.8,  31).  .45,  52. 

»  SpaliaDzaui,  Exper.  ^47.-52,  79,  Rlumcnbacl/s  Cocnp. 
AnaL  note  !>  p,  ISih 

a  BluineQbacli,  p*  142;,  see  also  Grew,  Comp.  Anat.  &c* 
Ch.  8  ;  and  Art.  **  Birds'*  in  Kees. 

3  El,  Phys.  xix.  1,  2.  It  ia  well  known  that  granivorous  bird* 
are  in  the  habit  of  swallowing  small  pebbles,  a  tact  which  scemi 
to  have  been  first  noticed  by  the  members  of  the  Acad,  del 


^ 
^ 


General  Conclusioni.'^ 

It  would  appear  probable  that  all  the  anatomic 

JTarieties  in  the  structure  of  the  stomachs  of  different 

Unimals  may  be  resolved  into  their  mechanical  effects! 

[upon  the  aliment,  as  it  seems  that  whatever  be  th»| 

nature  of  the  food  which  is  employed,  if  it  be  «uffi^j 

'  ciently  comminuted  or  triturated ,  it  is  equally  actedJ 

upon  by  the  gastric  juice.     We  find,  indeed,  tha 

Certain  animals  naturally  confine  themselves  to  cer- 1 

tain  kindis  of  food,  and  we  must  therefore  conclude  I 

that  such  food  is  better  adapted  to  the  nature  and 

constitution  of  the  individual.     But  numerous  e%^\ 


Cimeoto  ;  8aggi  de  Esper.  p,  268.     NotwiUistanding  the 
riments  of  Spallanzani,  §  27,  8,  it  appears  that  the  fooil  h  do 
equally  well  digested  without  them,  and  we  may  easily  conceive^ 
that  they  may  contribute  to  the  mechanical  effect  of  the  gizzard. 
Boreliiy  de  Mot*  anim,  par.  ii.  prop.  192,  4-,  formed  the  cxtran^^ 
gaat  idea,  that  these  atones  directly  contributed  to  nutfil 
an  opinion  which  was  opposed  by  lledi,  who  was  aware  of 
real   use;    see   Esperienze^   p.  Sf,   where  he   expressly  aajri, 
*•  Quelle  pietruzze  Bono  came  tante  macinette  raggirare  da  que 
due  forti  et  robusti  musculi  d^  quali  e  composto  ventriculo, ,  ;* 
also  Osserv.  p*  91,2.     Bkmienbach,  Comp.  Anat,  note  19, 
l'i5,  6»  supposes  that  their  especial  purpose  is  to  kUI  tlie  j 
whtch^  while  alivei  would  resist  the  action  of  the  gastric  juiceg 
but  It  Is  scarcely  necessary  to  have  recourse  to  this  supposttioa 
It  has,  however,  been  thought  to  receive  some  confinnatiool 
from   the  circumstance  of  the  Pangolin,   Manis  pentadftdyla^ 
swallowiog  pebbles*  for  as  its  food  consista  of  inBecit,  whtdi 
are  not  masttcatcd,  the  pebbles  have  been  supposed  to  be  ne 
cestary  for  the  purpose  of  crushing  them,  and  thus  deprivic 
ihem  of  life,  so  as  to  render  tbem  more  easily  ncted  upon  I 
the  digestive  fluids;  p.  139.     On  the  ttuhject  of  these  pebbles] 
see  also  Hunter  on  the  Anim.  (Econ.  p.   I96|  6  ;  Fordyct 
PlgesUoUi  p,  23,  4 ;  Biumeiabacbi  ^pec  f  toiiaL  Cagpi  9^  A7# 
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amples  are  familiar  to  every  one,  where,  either  for 
the  purpose  of  experiment,  or  from  necessity,  a  total 
change  has  taken  place,  as  for  example,  from  an 
animal  to  a  xcgetable  diet,  or  the  reverse,  without 
any  apparent  injury  to  the  functions  being  produced, 
provided  the  mechanical  texture  of  the  food  admits 
of  its  solution  or  minute  division  in  the  stomacli. . 

§  2,  An  Account  of  the  Articles  emploj^edfor  Food, 

The  articles  employed  in  diet  may  be  classed  under 
the  two  great  divisions  of  animal  and  vegetable,  e^ch 
of  them  competent  to  the  support  of  life,  probably  in 
all  kinds  of  animals,  although  it  would  appear  that, 
in  most  cases,  one  or  the  other  is  better  adapted  to 
the  different  species  of  them.  From  what  has  been 
stated  above,  it  may  be  conceived,  that  this  greater 
competency  depends  principally  upon  the  mechanical 
properties  of  the  substances,  but  they  likewise  differ 
considerably  in  their  chemical  natiu-e,  and  this  both 
with  resjiect  to  their  proximate  principles  and  their 
ultimate  elements.  The  ultimate  elements  of  ani- 
mal substances  arc  oxygen,  hydrogen,  carbon,  and  ni- 
trogen ;  vegetable  substances  contain  oxygen,  hydro- 
gen, and  carbon ;  but  the  proportion  of  carbon  is  ge- 
nerally greater,  and  of  hydrogen  less,  while,  for  the 
most  part  they  are  either  without  nitrogen,  or  con- 
tain it  in  small  quantity  only* 

Although  there  is  reason  to  believe  that  every  ar- 
ticle of  food  which  is  received  into  the  stomach, 
must  experience  a  complete  decomposition,  and  be 
assimilated  into  the  state  of  chyme,  before  it  can 
«erve  for  nutrition,  yet  the  successive  steps  of  the 
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<iliange,  or  the  length  of  the  process  which  it  has 
undergo,  depends,  in  some  measure  at  least,  upon  th 
similarity  which   there  is  between    the   alimentai 
matter  and  the  materials  of  which  the  body  is  cora« 
posed.     We  therefore  find  that  caniivorous  anim 
in  general,  have  less  bulky  and  less  complicated  or^ 
gans   than    the   herbivorous,    and   that   among   tl; 
latter,  those  that  feed  upon  seeds  or  fruits^  mth  i 
exception  of  the  ruminants,  have  them  less  so,  th 
those  which  live  upon  leaves  or  the  entire  legetabl 
The  stomach  and  intestines  of  man  assimilate  him, 
in  regard  to  the  nature  of  his  diet,  more  to  the  he: 
Hvorous  than  to    the  carnivorous  animals/  yet 
find,  as  a  matter  of  fact,  that  either  kind  of  diet 
perfectly  competent  to  his  nutrition  and  support,  aB< 
that  probably  the  best  state  of  liealth  and  vigour 
procured  by  a  due  admixture  of  the  two  classes 
substances. 

We  find,  indeed,  that   mankind   are   princii>aUy' 
guided  in  the  choice  of  their  food,  with  respect  to  i 
animal  or  vegetable  origin,  by  the  facility  wth  whit 
they  are  able   to  procure  eitlier  the  one   kind  or  th 
other.^     Tlie   inhabitants  of  the  northern  region* 

4  Cuvier,  Regae  Anim,  t,  u  p.  86.     Lawrence's  Lect.  p*Si7^ 
et  »eq<     Tlic  reader  wTto  is  dbpoj^ed  to  pursue  this  inquiry^  mi 
peruse  t!ic  learned  ili^serlation  of  RieUter,  **  de  v ictus  ani 
antiqukatc  ct  salubrttale/*  where  he  will  find  the  subject 
in  llic  true  spirk  of  Gernmn  research. 

5  See  Haller,  EL  Fhys.  xix.   Ji.   3.     The  third  section  gem 
rally  contains  much  u^efid  and  ctirious  iaformatioD  respei 
the  different  kinds  of  substances  that  have  beei>  employed  ii 
dictj  either  by  nations  or  individtials;  it  15,  however,  liable  to^ 
the  iipputation,  from  which  many  parts  of  this  great  work  ar6fl6t 
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where,  at  least  during  a  considerable  part  of  the 
year,  vegetables  could  not  be  obtained,  live  almost 
entirely  upon  animal  food,  while  in  the  wanner  cli- 
mates, where  fruits  and  vegetables  of  all  kinds  arc 
abundant,  the  diet  is  chiefly  coni|K)scd  of  these  sub- 
stances. We  may  remark,  however,  that  this  ar- 
rangement, although  more  a  matter  of  necessity  than 
of  choice,  is,  on  other  accounts,  the  best  adapted  to 
their  respective  situations.  An  animal  diet  is  pro- 
bably better  fitted  for  producing  the  vigour  and  liar- 
dihood  of  frame,  which  is  requisite  to  brave  the 
rigour  of  an  arctic  climate,  while  at  the  same  time 
we  may  presume  that  it  is  more  suited  to  the  evolu- 
tion of  heat. 

The  proximate  principles,  or  primary  compounds 
of  animal  origin  that  are  employed  in  diet,  are  fibrin, 
albumen,  jelly,  and  oil,  to  which  we  may  add  sugar, 
osmazomc,  and  some  others  of  less  importance.  The 
animals  that  are  employed  in  diet  are  taken  prin- 

exeoipt,  of  the  references  being  rather  numerous  than  lelect- 
See  also  Lorry,  Essai  sur  Ics  Alimens ;  Pleiik»  Bromatologia ; 
Btcberand,  El.  Phys<  §  3*  p.  83 ;  Sccmmering,  Corp.  Hum.  fab* 
t.  IL  p.  21rl,  250.  I  157.,  161;  Parr's  Diet.  ArL  "  Afimeot;" 
Pearaon^s  Syn.  part  I ;  l^wrence*s  Lect.  p.  201,  9;  Thackrah's 
2d  Lect.  on  Diet^  p.  54.  et  eeq.  Dr.  Stark  collected  a  series  of 
f^ctg  respecting  mdividuabj  who  had  lived  for  a  considerable 
length  of  time  on  some  peculiar  kind  of  diet ;  Works,  p.  94,  5, 
His  experiments  on  the  effect  produced  by  different  kinds  of 
aliment  upon  his  ow-n  sy&tenip  which  he  pursued  with  unex- 
ampled perseverance,  afford  a  number  of  very  curious  results, 
but  it  would  be  impossible  to  give  any  synoptical  view  of  them, 
consistent  with  the  elementary  nature  of  this  work;  see  Jouroah 
p  96. .  16S. 
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cipally  from  the  mammalia,  from  birds,  fish,  th€  te»- 
tacea,  aud  the  Crustacea.  The  flesh  of  the  mammaHl 
and  of  birds  consists  chiefly  of  fibrin,  together  withi 
quantity  of  jelly  united  to  it,  especially  in  young 
animals.  IVlilk,  which  from  its  destination  as  thi' 
food  of  the  young  animal  immediately  after  bi 
may  be  regarded  as  peculiarly  adapted  both  for  dii 
tion  and  nutrition,  cousists  of  an  emulsion  of  albumci^_ 
oil,  and  sugar,  suspended  in  a  large  quantity  of  waul^^ 
In  the  formation  of  cheese  and  butter,  we  abstraet 
the  greatest  part  of  the  water,  and  obtain  the  albtnDen 
and  oil  respectively  in  a  state  of  greater  or  less  piiritj 
according  to  the  exact  nature  of  the  process  which  k 
employed.  The  eggs  of  birds,  which  likemse  contam 
a  peculiarly  nutritive  species  of  food,  consist  chiefly  < 
of  albumen  with  a  quantity  of  oily  matter*  Fish 
consist  of  a  much  greater  proportion  of  aIbnmino» 
and  gelatinous  matter,  in  some  cases  united  with  i 
considerable  quantity  of  oil,  and  tlie  same  would  ip» 
pear  to  he  the  case  with  the  testacea  and  the  crusticdi 
that  are  employed  in  diet.  It  is  scarcely  necessary  ti 
obsen  e  that  the  diSereut  kinds  of  soups  consiat  SMsidj 
of  the  same  proximate  principles  with  the  materiali 
of  which  they  are  composed,  a  portion  of  the  firm  mi 
dense  substances  being  rejected,  while  the  more  sdnhk 
parts  are  dissolved,  or,  perhaps,  rather  ^uspenddl  b 
the  water,  consisting  therefore  of  fibrin,  allmiiiflli 
jelly,  or  fat,  according  to  the  age  of  the  animal,  • 
the  part  of  it  which  is  employed. 

The  vegetable  products,  which  compose  any 
derable  portion  of  our  diet,  are  fruits,  8eod%  i«H 
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tuberSf  teed-vessels,  stalks,  and  leaves.  The  moist 
important  of  the  proximate  principles  are  gluten, 
fiirina,  mucilage,  oil,  and  sugar.*^   In  all  those  nations 

^  Hallf^r  attetnpis  to  reduce  all  nutrltlaus  substances  to  one 
principle,  jelly;  El.  Phys.  xix.   5-5;  Cullcn  thinks,  that  the 
matter  of  nutrition  la,  in  all  casesi  either  **oily,  saccharine,  ot 
what  seems  to  be  a  combination  of  the  two/'  Physiol.  §  211. 
In  his  treatise  on  the  MaL  Med.  v,  i.  pt.  L  ch.  1.  p.  218.  etseq. 
he  endeavours  to  show  that  acid,  sugar,  and  oil,  contain  all  the 
principles  which  contribute  to  compose  the  animal  flyids*     An 
account  of  the  various  articles  employed  in  diet,  is  contained  in 
l)ie  second  chapter,  p.  210.  et  seq.     Fordyce  also  makes  an  mi* 
fortuoate  attempt  at  generaUzation,  in  reducing  all  the  nntritious 
matter  to  mucilage ;  Treatise  on  Digest,  p.  84* ;  but  as  he  admits 
of  a  farinaceous  iQUcilage,  a  saccbarine  mucilagei  &c»  it  is  ratber 
a  verbal,  thap  an  actual  inaccuracy  \  p.  91. .  107*   In  like  manner 
he  says  that  all  the  animal  solids  consist  of  mucilage  and  water; 
p.  86.     The  proximate  vegetable   principles  mentioned  In  th^ 
text,  as  serving  for  nutrition,  are  those  which  are  generally 
employed  by  the  human  species ;  it  appears,  however,  that  cer* 
tain  species  of  animals  can  extract  nourishment  from  parts  which 
are  not  capable  of  being  digested  by  Uie  organs  of  man ;  tUo 
beaver,  for  example,  can  digest  the  bark  and  wood  of  trees ', 
Blufnepbftch*8  Comp.   Anat.   p.  139.     Richerand  attempts  to 
show  that  the  alimentary  principle  is^  in  all  cases,  either  gttmmyi 
mucUaginoos,  or  saccharine;  Eh  Phys.  %  S.  p.  82.     Dumas  is 
dbp^Med  to  regard  mucus  as  the  **  principe  eminemment  nutritif," 
because,  as  he  says,  it  forms  the  basig  of  our  organs  and  of  ouc 
humours  ;  Physiol.  1. 1.  p.  187  ;  we  may  conclude,  therefore,  that 
by  the  term  iimcus  he  means  albumen.    Sir  H.  Davy,  in  the  third 
of  his  lecturer  on  agricultural  chemistry,  gives  a  concise  view  of 
the  proximate  principles  of  the  vegetables  that  are  ordinarily 
omployed  in  diet;  p.  75.^tseq.     M.  Magendic  classes  all  ali- 
mentary substances  under  the  heads  of  farinaceous,  mucilaginous, 
iaccbarine,  acidulous,  oily,  caseous,  gelatinous^  albuminous,  and 
Hbrinous;  PhysioL  t*  ii*  p.  3,  4* 
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which  have  arrived  at  any  great  degree  of  civilization, 
the  main  bulk  of  the  vegetable  food  is  derived  from 
seeds  of  various  kinds,  aud  particularly  from  some  of 
the  cerealea  ;  of  thci>e  wheat  has  always  been  held  in 
the  highest  estimation*  In  some  countries  rice  com- 
poses a  large  proportion  of  the  food  of  the  inbabitauUi 
and  in  many  of  the  warmer  climates  maize  is  largely 
employed. 

Gluten  has  been  considered  as  the  best  adapted 
for  the  purposes  of  nutrition  of  any  of  the  vegetable 
principles,  both  in  consequence  of  its  being  ofci 
digestion,  and  of  its  containing,  in  proportion  to  il 
bulk,  the  greatest  quantity  of  nutriment.  This  ci 
cumstance  depends  upon  its  being  the  substance,  t 
elements  of  which  the  most  nearly  resemble  those  of 
the  animal  kingdom,  hence  termed  the  most  animid- 
ized  of  any  of  the  vegetable  principles,  and  this  chiefly 
in  consequence  of  the  large  quantity  of  nitrogen  which 
it  contains*  It  exists  in  the  greatest  proportion  in 
wheat,  while  it  is  found  in  small  quantity  only  in 
the  other  kinds  of  seeds,  or  in  the  parts  of  pkntl 
generally,^ 

7  We  have  a  detail  of  the  chemical  relations  of  gluien,  in 
Thoinson*^  System,  t.  iv.  sect.  19.  It  ha»  been  re&olved  by  Si^* 
Taddiei  into  two  proximate  principles,  which  he  bM  named 
gliadine  and  ziraonie  ;  see  Ann,  PhiL  v.  xv.  p.  390,  K  and  v.  iti- 
p.  88,  9.  An  account  of  the  original  gbservationa  of  Bcccam 
will  be  found  in  Bonon,  Acad,  Com.  t.  i.  p.  123,  el  aeq,  Vogtl 
examined  two  species  of  h heat  which  are  cultivated  in  Bavaria, 
the  triticum  hibernum»  and  apelta  ^  the  former  was  fouiid  ta 
contain  121  per  cent,  the  latter  22  per  ceiil»  of  K^uKki;  JlNitn* 
Phann.  t.  lii.  p-2l2. 
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Next  to  gluten,  ia  point  of  importance  as  an  article 
of  nutrition,  comes  the  farina ;  this  is  also  found 
copiously  in  wheat  and  the  other  grains,  and  it  like- 
wise forms  a  considerable  proportion  of  the  nutritive 
parts  of  the  various  kinds  of  pulse  and  of  tubers*** 
The  nutrition  of  leaves,  stalks^  and  of  seed-vessels, 
and  the  green  parts  of  plants,  resides  in  the  mucilage 
which  they  contain,  although^  in  most  cases,  this  is 
united  with  a  portion  of  saccharine  matter,  which 
materially  contributes  to  their  nutritive  powers- 
Most  fruits  contain  a  basis  of  mucilage  or  farina, 
which  is  combined  either  with  sugar  or  with  oil. 
In  the  pulpy  fruits,  with  the  exception  of  the  olive, 
the  former  chiefly  prevails ;  they  generally  also  con- 
tain a  quantity  of  acid,  in  addition  to  their  other 
iugredients,  hut  it  may  be  doubted  whether  the  acid 
serves  directly  for  the  purposes  of  nutrition,  or  whe- 
ther it  should  not  be  rather  considered  as  indirectly 
promoting  digestion,  by  its  effect  upon  the  stomadx 
or  the  palate.  The  principal  ingredients  of  the 
chesnuty  which,  in  many  countries,  composes  a  large 
share  of  the  diet  of  the  inhabitants,  are  farina  and 
sugar,  while  many  of  the  nuts  are  composed  of  a 

^  For  an  account  of  the  cheoiical  relations  of  farina,  see 
Thomson's  Cbem.  v,  iv.  sect,  17 ;  Henry's  Eletiu  v.  ii,  sect,  9  ; 
and  Thenard,  Chim,  t»  iii.  p.  21 1  * .  226.  Accordbg  to  Braconnot, 
Ado*  Chiai,  et  Phys*  t»  iv.  p,  38S*  rice  contaius  85  per  cent,  of 
farina;  Vogel^  Jouni.  Pharoi.  t.  iii.  p.  21*.  cooceives  the  farina 
in  ric€  to  be  as  much  an  96  per  cent. ;  sec  also  the  aualysib  of 
rice  by  Vauf^uelin,  ibid,  p*  320. 
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basis  of  albumen^  united  to  a  quantity  of  sugar  and 
oil.^ 

Sugar  enters  into  the  composition  of  many  vege* 
tabic  substances  that  are  employed  in  diet,  and  al* 
though  it  is  generally  regarded  rather  as  a  condimeot, 
than  as  a  direct  source  of  uourisbment,  yet  it  has 
been  supposed  to  be  the  most  nutritive  of  all  tbt 
vegetable  principles.  Nearly  the  whole  of  the  Bugir 
that  is  consumed  in  Europe  is  produced  from  tba 
sugar  cane,  the  juice  of  which  contains  it  in  laifc 
quantity  and  in  a  state  of  considerable  purity.  Sug»r 
is  also  procured  from  the  root  of  the  beet  in  consider- 
able quantity,  and  in  some  parts  of  America  from 
the  sugar  maple.^  Oil,  cither  animal  or  vegetabli, 
is  commonly  employed,  more  or  less,  in  diet,  and  if 
likewise  conceived  to  be  highly  nutritive;  in  ti» 
warmer  climates  vegetable  oU  is  principally  used, 
whereas  in  the  colder  regions  animal  oil  is  employiilf 
as  procured  from  milk,  in  tlie  form  of  butter. 


I. 


9  See  Boiillay  and  Vogel  on  the  aoaljeU  of  the 
Journ,  de  Phami.  v.  iii.  p*  S37,  3H-  , ; 

»  Dr.  Thomson  gives  a  list  of  the  plants  which  conli^it  tugir; 
Cliem.  V*  iv.  p-  5L  Tliere  weis  a  good  deal  of  dUcus&iou  among 
the  older  writers^  respecting  the  nutritive  properties  of  iUgUi 
Lewi8>  Mat.  Med.  v.  ii.  p.  289,  observes  that  in  consequence  of 
its  property  of  uniting  oily  and  watery  bodies,  it  has  been  ^up- 
l>o&ed  by  some  to  enable  the  unctuous  part  of  the  food  to  unite 
with  the  at>ima]  juices,  while  others  have  conceived,  that,  tftm 
the  sarae  cause,  it  will  prevent  the  separation  of  the  oily  part  rf 
ihefoodi  and  thus  prevent  it  from  contributing  to  nntrttlou , 
the  author  properly  remarks^  that  experience  has  not  atwA^ 
that  sugar  can  produce  either  of  these  ejects. 


^^m 
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There  are  two  points  of  view  in  which  the  articles 
of  diet  may  be  contemplated,  either  as  they  are  nutri- 
tive*  or  as  they  are  digestible  ;  the  fomier  respects 
their  capacity  of  affording  the  elements  of  chyme ; 
the  latter,  tlie  power  which  the  stomach  has  of  cans* 
iiig  them  to  undergo  the  necessary  clmnge.  Between 
these  there  is  an  essential  difFereiice,  and  they  do 
not,  by  any  means,  hear  an  exact  proportion  to  each 
other.  There  are  many  substances,  wliich  appear  to 
contain  the  largest  proportion  of  the  elements  which 
constitute  chyme,  but  which  are  by  no  means  easily 
digested^  and  which  are  rendered  more  so  by  being 
mixed  with  other  substances  which  are  less  nutritive.* 

^  This  distinction  is  very  clearly  pointed  out  by  M*  Cliau&sier, 
in  the  art.  *'  Digestion,"  Diet*  tie  Scien.  Med.  an  article  which, 
although  very  diffusely  written,  contains  much  useful  informa- 
tion. In  the  introdaction  to  Spall  an  zani'fi  work  by  Sennebier, 
ve  hare  a  detail  of  a  set  of  Imiaortant  experiments  by  Goss  om 
the  comparative  digestibility  of  different  kinds  of  aliciieDtary 
iub stances.  He  had  acc|uir6d  the  habit  of  swallowing  ^ir^  which 
acted  upon  the  stomach  as  an  emetic,  and  thus  enabled  him  to 
bring  up  its  contents  at  pleasure,  and  to  examine  their  stale  in 
the  dl^erent  stages  of  the  digestive  process;  p.  cxxxi,, cxl. 
The  experiments  that  have  been  adduced  by  M,  Magendie,  to 
prove  that  a  proportion  of  azote  Is  necessary  for  the  support  of 
nnfmals,  in  M^hich  it  was  found  that  animals  cannot  live  for  any 
length  of  time  upon  pure  sugar,  oil>  or  gum,  Physiol.  t*ii  p,  390- 
and  Ann,  dc  Chim.  ct  Phys.  t.  iii.  p<  6t?>  ct  seq.,  I  conceive 
prove  no  more  than  that  the  stomach  is  not  capable  of  digesting 
these  substances  without  some  addition.  Haller  observes  that 
certain  animals  are  destroyed  by  the  use  of  sugar,  althougli  tt» 
others  it  proves  highly  nutritive  and  salutary  ;  EL  Phys,  xix,  3. 
12.  In  Stark's  experiments  we  have  many  examples  of  the  in- 
digestible nature  of  a  diet  composed  of  a  single  artic1#,  which 
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It  seems  probable  tliat  a  certain  quantity  of  w 
may  be  considered  as  merely  diluting  matter,  teui 
to  promote  digestion,  and  that  in  this  %vay,  various 
fiubstances^  which  when  taken  into  the  stomach  alone 
arc  not  competent  to  afford  nourishment,  become 
useful  when  combitied  with  other  substances. 

When  animals  are  in  their  natural  state,  we  find 
that  most  of  them  uniformly  adhere  to  the  same  kii 
of  food,  and  this  in  a  very  remarkable  degree 
we  observe  carnivorous  animals  feeding  only  on  cer- 
tain kinds  of  flesh,  and  among  the  herbivorous  ani- 
mals, only  on  certain  plants,  or  even  on  certain  parts  of 
them,  and  there  are  many  of  the  insects  which  would 
appear  to  be  exclusively  attached  to  single  species 
plants*  This  is  not,  however,  the  case  with  man  ; 
within  certain  limits,  his  digestive  organs  are  sup 
to  be  kept  in  a  more  healthy  state,  by  a  due  admi 
ture  of  different  kinds  of  food,  than  by  any  one  artii 
taken  singly,  8tark,  who  performed  a  series  of 
periments  on  the  effect  of  different   kinds  of  i 


w£u>  easily  digested  wlieQ  mixed  with  other  Bubi»tancea  ;  Exf 
on  Diet,  in  his  works,  p-  89.  ct  »eq,  M,  Mdgendie»  Ann. 
Clilm.  et  Phys.  U  iiJ.  p.  IS,  refers  to  Stark*&  experiments 
sugar^  as  conceiving  them  la  prove  the  incompetency  of  i 
st4mces  that  contam  no  nitrogen  to  tlie  nutrition  of  die 
but  I  think  that  a  reference  to  Stark'd  works  will  show  that  1 
health  was  as  much  aiccted  by  other  articles  which  coutain 
nitrogen  in  ftuflicieiit  proportion.     In  order  to  render  M, 
gendte's  experiments  unexceptionable,  it  would  be  neccaiary< 
employ  a  diet  which  slioukl  be  composed  of  a  mixture  of  \ 
stances,  all  of  them  witliout  nitrogen,  a^  farinai  mucilage,  or  gum. 
mixed  with  sugar  or  oil. 
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upon  the  stomach,  which  he  pursued  with  remarkable 
perseverance  and  apparent  accuracy,  seems,  in  the 
results  which  he  obtained,  to  have  very  clearly  esta- 
blished the  fact,  that  those  substances  which  afforded 
the  most  nutrition,  could  not  be  used  as  the  sole 
article  of  diet^  for  any  length  of  time,  without  the 
jstomach  being  deranged. 

It  is  found  also  that  there  are  great  differences  in 
the  digestive  powers  of  different  indi\idiials  among 
the  human  species,  some  stomachs  requiring  a  pre- 
ponderance of  animal,  and  others  of  vegetable  foocL 
There  are  many  substances,  which,  although  nutri- 
dons  and  salutary  to  certain  individuals,  appear  in- 
capable  of  being  digested  by  others,  and  this  is  often 
the  case,  when  it  is  very  difficult  to  conceive  to  what 
ingredient  we  are  to  assign  this  peculiarity  of  effect. 
Much  may  often  be  ascribed  to  the  effect  of  habit  and 
accidental  association,  or  even  of  mere  caprice,  but, 
upon  the  whole,  we  may  conclude,  that  there  are  ori- 
ginal variations  in  the  powers  of  the  stomachy  whicli 
cannot  be  accounted  for  ui>on  any  other  principle, 
either  moral  or  physiological. 

That  tliis  difference  exists  with  respect  to  animals 
of  different  species,  is  sufficiently  obvious.  Besides 
the  two  great  divisions  of  carnivorous  and  herbivorous, 
we  find  decided  differences  in  each  of  the  two  classes. 
Among  the  carnivorous  animals,  we  observe  some 
feeding  entirely  upon  the  flesli  of  quadrupeds,  some 
of  birds,  and  others  of  insects.  Among  those  that 
live  upon  vegetables,  we  likewise  find  that  they  have 
each  their  peculiar  partialities  for  certain  parts  of 
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plants ;  the  seeds,  the  fhiits,  the  leaves,  &c. ;  and  frc 
can  frequently  trace  a  manifest  connexion  between  the 
substance  on  which  they  fectl*  and  the  structure  of 
the  teeth,  so  as  to  show  that  the  selection  is  not  the 
effect  of  accident  or  arbitrary  choice,  but  that  it  is 
connected  ^vith  tlie  conformation  of  the  body,  and 
depends  upon  the  permanent  structure  of  the  organs. 
With  respect  to  the  teeth,  we  meet  with  some  that 
are  manifestly  adapted  for  seizing  and  biting,  others 
for  tearing  or  lacerating  their  prey :  some  that  are 
more  proper  for  cropping  the  succulent  and  delicite 
parts  of  plants^  others  ibr  the  protracted  masticatioG 
of  those  that  are  ntorc  finn  and  dense  in  their  texture, 
The  beaks  of  birds  are  infinitely  diversified  in 
form  and  stmctnre;  some  long  and  painted, 
broad  and  fiat,  and  otliers  hooked  or  curred,  so 
be  most  clearly  fitted  for  the  reception  of  certain 
kinds  of  food  only  ;  and  we  find,  in  all  cases,  that  the 
nature  of  the  stomach,  whether  membranous,  muf- 
cular,  or  ruminant,  whether  simple,  as  consisting  of 
one  cavity  only,  or  compounded  of  several,  precisely 
corresponds  to  that  of  the  teeth,  and  to  the  other 
organs  and  habits  of  the  individuaL 

Liquids  of  various  kinds  constitute  an  import, 
part  of  diet.     These  may  be  arranged  tind€r 
heads;*    first,  the  different  decoctions  or  infiisii 


Lture,     J 
as  ti^i 


s  Bocrhaave,  Prelect,  t.  K  ^56;  Haller,  EJ*  Phyt,  xh.^ 
20*. 6;  Soeminering,  Corp.  Hum.  Fab.  I.  vi.  p»250..2.  {U 
Mftgeadle,  Physiol.  L  it.  p.  6.  arranges  drinks  under  the 
elasles  of  water,  vegetable  and  animal  infuaioas^  DtimmiU 
It^uor^i  and  alcoholic  UquorE. 
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mth&t  animal  ot  vegetable,  where  various  substaBces 
are  dissolveii  or  suspended  in  water,  and  where 
Xhe  specific  properties  of  the  liquid  depend  almost 
entirely  upon  that  of  the  substance  which  is  added  to 
Uie  watet;  or  where  we  employ  liquids  for  the  mere 
purpose  of  quenching  thirst,  or  cnabhng  the  stomach 
to  act  more  readily  upon  the  aliment.  On  the  first 
class  of  substances,  which  are,  as  it  were^  intermediate 
between  solids  aud  fluids,  I  have  already  had  occasion 
to  oflFer  some  remarks.  Their  properties  may  be  con- 
sidered generally  as  very  similar  to  those  of  the  sub- 
stances which  compose  them ;  being  necessarily  formed 
of  the  most  tender  and  succulent  parts  alone,  they 
tire,  in  most  cases,  proper tionably  nutritious  and 
digestible,  yet  there  are  certain  constitntioos  or  states 
of  the  system,  m  which  the  quantity  of  the  fluid  ne- 
cessarily introduceii  appears  unfavourable  to  the  pro- 
cess of  digestion.  This  may  be  conceived  to  operate 
in  various  ways ;  it  may  act  by  unduly  distending 
the  stomach,  so  as  to  interfere  with  the  vermicular 
motion,  or,  in  consequence  of  its  bulk,  it  may  stimu- 
late the  muscular  fibres  to  contract  too  rapidly,  and 
expel  the  tbod  before  it  has  undergone  its  appropriate 
change  ;  it  may,  perhaps,  dilute  the  gastric  juice,  or 
from  the  consistence  and  temperature  of  the  alimen- 
tary mass,  a  tendency  to  fermentation  may  be  induced, 
or  to  some  other  chemical  change,  which  may  inter- 
fere with  the  regular  and  healthy  action  of  the  organs. 
The  same  remarks,  witli  respect  to  its  action  upon 
the  stomach,  apply  to  milk,  wliich^  strictly  speaking, 
ihould  be  classed  among  the  nutritive  fluids ;  but  the 
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farther  prosecution  of  this  inquiry  belongs  rather  to 
the  province  of  the  physician  than  the  physiolog^t. 

Among  drinks,  properly  so  called,  the  most  impor- 
tant is  water,  which  is,  perhaps,  not  only  the  best 
substance  for  quenching  thirst,  but  is,  with  a  few 
exceptions,  the  vehicle  of  all  the  rest.  These  may  be 
classed  under  the  two  heads  of  Tegctable  infiidoiifl 
and  fermented  liquors.  Of  the  former,  those  that  are 
the  most  commonly  used  in  Europe,  are  coffee  and 
tea,  both  of  which  afford  a  useful  and  salutary  bever* 
age,  when  not  taken  to  excess,  which,  although  mi 
themselves  directly  nutritive,  seem  to  render  the  sto- 
mach more  capable  of  digesting  its  contents* 

Fermented  Hquors,  of  some  kind  or  other,  we 
to  be  employed  by  all  people  that  have  made  any 
siderable  advance  in  the  arts  of  life,  and  in  civiU; 
tion ;  in  this  country,  they  are  principally  made  fipow 
barley,  by  means  of  the  sugar  which  is  evolved  duiii^ 
the  process  of  germination ;  in  the  other  parts  of  £ii> 
rope,  the  juice  of  the  grape  is  principally  employed; 
and  in  *many  parts  of  the  world,  various 
and  mucilaginous  juices  are  used  for  the  same 
These  liquors,  like  the  vegetable  infusions, 
taken  of  immoderate  strength,  or  in  undue  quantity, 
are  grateful  and  salutary,  and  seem  to  promote  diges- 
tion, while  they  are  likewise  themselves,  to  a  certaiii 
extent,  capable  of  affording  nutrition,  in  consequence 
of  the  portion  of  un  decomposed  sugar  and  mucilage 
which  they  generally  contain.  I  think,  however,  we 
can  scarcely  extend  this  indulgence  to  distilled  spirits* 
fur,  although  they  are  occasionally  valuable  u  medical 
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agents,  they  must  be  always  more  or  less  pernicious^ 
when  made  habitital  articles  of  diet. 
1  --  A  third  class  of  substances  remains  to  be  noticed, 
ffucb  as  are  not  in  themselves  nutritive,  but  which 
.  are  added  to  our  food  for  the  purpose  of  giving  flavour 
to  it,  stiled  condiments.     These  are  very  numerous» 
and  derived  from  very  different  sources,  but  they  may 
be  all  reduced  to  the  two  heads  of  salts  and  spices. 
Their  selection  appears  to  depend  upon  very  singidar 
habits  or  even  caprices,  so  that  those  substances  which 
are  the  most  grateful  to  certain  individuals  and  classes 
of  people,  are  the  most  disagreeable,  or  even  nauseous, 
to  others.     It  may  be  laid  down  as  a  general  prin- 
ciple, that  such  articles  as  are,  in  the  first  instance, 
disagreeable  to  the  palate,  are  those  for  which  we 
afterwards  acquire  the  strongest  partiality,  and  which 
even  become  necessary  for  our  comfort ;  whereas  the 
frequent   repetition   of  flavours    that   are  originally 
grateful,  is  very  apt  to  produce  a  sense  of  satiety,  or 
even  of  disgust.     The  examples  of  tobacco,  garlic, 
and  assafa^tida,  ou  the  one  hand,  and  of  such  sub* 
stances  as  possess  simple  sweetness  on  the  othert  may 
be  adduced  in  proof  of  this  position. 

There  is  such  a  very  general  relish  for  sapid  food, 
among  all  descriptions  of  people,  and  in  all  states  of 
civiHisation,  as  to  induce  us  to  suppose  that  besides 
the  mere  gratification  of  the  palate,  some  useful  pur- 
pose  must  be  served  by  it,  and  that  it  must  contri-* 
bute^  in  some  important  manner,  to  the  digestion  of 
our  food*     This  peculiar  kind  of  taste,  with  a  few 

£)tionS;  does  not  seem  to  exist  among  the  inferior 
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animals^  who  generally  prefer  tbe  species  of  food, 

which  is  best  adapted  to  their  organs^  in  a  simple 

state.     Perhaps,  this  may  be,  in  some  measure,  ex 

plainetl  by  the  consideration  that  man  differs 

other  animals  in  his  capacity  of  existing  in  all  dtma 

and  in  all  situations,  and  that,  in  order  to  enable 

to  do  this,  it  was  necessary  that  he  should  be  omni- 

Torous,  as  it  is  termed,  that  is,  able  to  digest  aay 

substance,  which  aftbrds  the  elements  of  nutritioti. 

But,  as  in  the  process  of  chymification,   it  appeals 

that  all  the  aliment  received  into  the  stomach  mist 

be  reduced  to  a  mass  nearly  uniform  in  its  constito* 

tion^  it  is  reasonable  to  suppose  that  some  ansting 

or  correcting  substances  may  be  requisite  to  redi 

the  various  species  of  aliment  to  oneuniforra  stan^ 

Vegetable  substances,  for  example,  wlien  reduced  to 

soft  pulp,  and  macerateil  at  the  temperature  of  1 

stomach,  would  probably  have  a  tendency  to  tht 

tons  fermentation,  which  we  may    presume  will 

corrected  by  the  addition  of  aromatics  and 

whereas  a  mass  of  animal  matter  may  be  preven 

from  degenerating  into  the  putrid  state  by  salts 

acids.     Both   tlicse   articles   seem   to  be   origini 

agreeable  to  the  palate ;  and  as  a  general  rule, 

shall  find  that  they  are  naturally  produced  in  the 

gions  where  they  are  the  most  required.  The  diff< 

species  of  brute  animals  exist  in  those  countries  al< 

where  tliere  is  a  supply  of  food  adapted  to  their  di 

life  Wfpins,  and  as  they  are  guided  in  their  choice 

IS  of  diet  by  instinct^  they  do  not  raquiif^ 
lese  correctives. 


Use  fyf  Sail  in  Diei, 


47S 


There  is,  however^  one  remarlcable  etception  to 
this  general  rule,  iu  the  relish  whicli  many  animals 
of  the  higher  orders  seem  to  have  for  salt.  Besides 
the  various  kinds  of  fish  that  inhahit  the  sea,  and  the 
birds  that  feed  upon  marine  animals,  we  find  that 
many  quadrupeds  and  land  birds  dearly  indicate 
their  fondness  for  salt,  and  we  have  daily  examples 
presented  to  us  of  its  salutary  operation,  wlien  either 
incidentally  or  intentionally  mixed  with  the  food  of 
animals*  Many  singular  instances  are  mentioned  of 
ihe  extraordinary  eftbrts  which  they  often  make  to 
procure  it,  when  it  is  otherwise  difficult  to  obtain. 
The  beasts  of  prey  that  inhabit  the  central  parts  of  the 
Afirican  and  American  continents,  arc  known  to  travel 
immense  tracts  for  the  purpose  of  visiting  the  salt- 
springs  that  are  occasionally  met  with,  and  it  is  saicl 
that  these  springs  liave  been  in  some  instances  dis- 
covered by  means  of  theii*  footsteps,  and  by  the  hover^ 
ing  of  birds  over  them.  At  the  same  time  that  we 
thus  find  animals  to  be  led  by  instinct  to  the  use  of 
^t,  we  perceive  that  the  human  species  are  induced 
to  employ  it  from  its  grateful  effect  upon  the  palate ; 
for  it  may  be  remarked,  that  among  all  the  singidar 
diversities  of  tastes  that  exist  among  nations  and  in- 
dividuals, there  are  no  people,  from  the  most  barbarous 
to  the  most  refined,  who  do  not  relish  a  certain  por- 
tion of  salt  in  their  food/  It  may,  perhaps,  be  thought 
not  an  unreasonable  conjecture,  that  as  salt  always 

*  Haller,  EL  Phys.  xix,  3.  1 1  ;  Fordyce  on  Digestion,  p,  5i, 
I  believe  that  the  opinion  which  appeared  to  be  established  by 
the  expennnents  of  Frmglei  that  although  salt  id  powerfully  anti- 
septic under  ordinary  circuua&tances^  ii  promotei  the  decom* 
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e3dsts  in  the  blood  and  the  other  fluids,  and  must 
therefore  be  supposed  to  be  of  some  essential  use  in 
the  animal  cEcoiiomy,  there  is  a  provision  made  for  a 
regular  supply  of  it  in  the  constitution  of  our  or 
and  in  our  natural  propensities  and  instincts. 

There  is  a  numerous  class  of  substances,  which 
somewhat  analogous  to  the  condiments  in  their  effe 
upon  the  stomach,  although  very  different  in  the 
action  upon  the  palate,   the   various   medicament 
These  do  not  afford   nutrition,  hut  they  many 
them  tend  to  put  the  stomach  into  a  state  wl 
adapts  it  for  the  digestion  of  aliment,  and  they 
duce  upon  the  system  generally,  or  upon  some  of  i 
organs,  certain  changes,  of  which  we  take  advant 
in  correcting  its  diseased  actions  and  restoring 
powers,  when  perverted  or  weakened*     The 
prosecution  of  this  subject  does  not  fall  within 
province  of  the  physiologist,  but  I  may  observe  tli 
the  operation  of  medicines  affords  us  many  interestifl 
examples  of  the  nature  of  the  vital  functions,  and 
versely,  that  a  correct  knowledge  of  these  fu 
must  very  materially  contribute  to  guide  us  in 
selection  and  iwlmiiiistration  of  these  substances, 
may  remark,  that  condiments  and  medicines  differ  i 
one  essential  circumstance  from  the  articles  of  dieCJ 
that  whereas  the  latter  are  always  resolved  into  tlie 
ultimate  elements,  betbre  they  contribute  to  nutritio 
the  former  act  in  their  entire  state,  andifdceam- 
|>osed,  would  probably  cease  to  produce  their  appm* 

{xtsltian  of  alinienlary  matter,  when  added  to  thetu  tn  iicri»n 
quantity.  Appendix,  p.  1^51,  %  is  now  geaeraliy  fuppofed  (^ 
be  without  fouadatiQu. 
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priate  effects.  Some  of  the  substances  which  possess 
the  moat  powerful  action  over  the  system  are  derived 
from  the  vegetable  kbigdom,  and  are  therefore  com- 
posed of  the  same  elements  with  our  ordinary  articles 
of  food,  only  combined  in  different  proportions;  and 
even  the  most  active  mineral  or  metallic  substances 
become  inert  when  they  are  resolved  into  their  ele- 
mentary constituents.* 

There  is  perhaps  no  substance  whose  operation  on 
the  animal  o^conomy  is  more  violent  than  the  hydro- 
cyanic acid,  yet  this  is  entirely  composed  of  carbon, 
hydrogen,  and  nitrogen.  The  acrid  extracts  and  the 
narcotic  alkalies  that  are  procured  from  vegetables, 
all  consist  of  different  proportions  of  oxygen^  hy- 
drogen, and  carbon,  to  which,  in  some  cases,  a  quan- 
tity of  nitrogen  is  added.  The  pure  metals  appear 
to  exert  no  action  upon  the  system,  although  many 
of  their  oxides  and  salts  are  so  acrid.  Phosphorus 
differs  from  other  bodies  of  the  same  class,  in  being 
more  active  in  its  simple,  than  in  its  compound  state. 
The  three  elementary  bodies,  chlorine,  iodine,  and 
fluorine,  which  agree  in  many  of  their  chemical  re- 
lations, resemble  each  other  also  in  their  powerful 
action  on  the  living  body,  and  this  violence  of 
action  they  retain  both  in  their  simple  and  in  their 
compound  form. 

What  we  commonly  term  poisons,  are  so  dcnomi- 

.  s  Fordycc  observes,  that  certain  insects  live  entirely  upon 
i^tilharides,  yet  llieir  fluids  are  perfectly  miM ;  On  Digefition, 
p.  86 ;  alsa  that  the  potaon  of  thi?  rattle-snake  Is  perfectly  inno- 
cent when  taken  into  the  stomach ;  p.  119. 
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nated  in  consequence  of  the  popular  cmec^ion 
their  effect  upon  the  system,  but  in  reality,  they  i 
not  essentially  differ  from  medicaments.  The 
powerful  operation  which  they  produce,  when  unci 
due  regulation,  is,  perhaps  in  every  instance,  capab 
of  being  converted  to  some  salutary  purpose,  and  i 
only  noxiouS)  when  carried  to  an  excessive  degree. 

f  S,  Changes  which  the  Food  undergoes  in  the  fr 
cess  of  Digestion. 

I  proceed,  in  the  third  place,  to  deseribc  the  sn 
cessive  changes  which  the  food  experiences,  from 
time  when  it  is  taken  into  the  mouth,  until  it  is  cog 
verted  into  perfect  chyle,^     The  first  necessary  st 


^  Dr.  Prout,  fu  a  very  valuabie  paper,  whidi  Is  fcsefied 
the  13th  and  Htb  vob.  of  Ann.  Phil.,  describes  in  sueceasioo  i 
Afferent  stages  whicli  the  aliment  experiences,  from  its 
tion  ID  to  the  stomacti  until  it  i$  finally  converted  into 
He  divides  the  whole  process  Into  the  four  stages  of  digesti<i 
chyraificatton,  ehyliii cation,  and  sanguification,  wbidi  be 
eetves  are  performed  respectively  by  the  stomach,  the  dti 
mim,  tbe  lactoals,  and  the  pidnonary  blood  vesaelt.     Miay  I 
Dr.  Prout's  observatioDs  are  original  and  of  undoubc^ 
racy  I  while  the  remarks  which  he   ofier^  upon  the  ftci( 
highly  mgenious  and  deserving  of  great  attcntioo ;  but  1 1 
it  is  to  be  regretted,  that  he  has  occasionally  employed  a 
ferent  nomenclature  from  tliat  generally  adopted,  and  one  I 
wfaicb  I  do  not  perceive  that  any  particular  aidvantag^  St  io  1 
derived.     He,  for  example,  employs  the  word  chyme,  not 
signify  the  mass  into  whicli  the  aliment  is  c«D9«rt^  in  ths  i 
tuacb,  but  '*  tlut  portion  of  the  aitmeniary  mauer  fotuftd  ia 
duodeoiuUf  which  has  already*  or  ia  about  to  became  i 
and  thus  to  constitute  a  part  of  the  fbture  blood/*     ft 


in  the  proem  of  Dig$$ium> 

is  a  due  degree  of  mechanical  divisioii,  in  order  to 
prepare  the  aliment  for  the  chemical  changes  which 
it  is  fiubsequently  to  undergo;  this  division^  as  has 
been  observed  above,  is  accomplished  in  various  ways, 
according  to  the  structure  of  the  parts  concenied, 
either  by  mastication,  trituration,  or  maceration,  or 
by  a  union  of  the  three  operatiouB,     After   the  re« 

observed  that  the  term  albumen  is  likewise  employed  after  |||| 
example  of  Ber^eliys  In  a  somewhat  unusual  scBse,  to  desigDate 
the  substance  which  may  he  regarded  as  the  first  rudiments  of 
the  blood,  being  applkd  collectively  to  its  three  principal  ingre- 
dientSj  the  serum,  fibrin^  and  globules,  In  their  incipient  state. 
A  minute^  and  as  it  would  appear,  &  correct  descriptioa  of  the 
appearances  which  the  aliment  presents  from  the  actioa  of  the 
gastric  juice  is  given  by  Dr,  Philip;  Inq-  Ch.  7-  SecL  1. 
p.  I'l-O. .  155.  The  principal  facts  which  he  states  are,  that  the 
new  and  old  food  are  always  kept  distinct  from  each  other,  the 
fiMnner  being  in  the  centre  of  the  latter  ;  the  food  is  more  dU 
g^fl^  the  nearer  it  is  in  contact  with  the  surface  ^f  the  fitOt 
macb ;  it  is  the  least  digested  in  the  small  curvature,  more  a| 
the  larger  end,  and  still  more  in  the  middle  of  the  great  curva- 
ture ;  the  state  of  the  food  in  the  cardiac  differs  from  that  m 
the  pyloric  portion  ;  in  the  latter  it  is  more  completely  digested 
aod  more  uniform  in  its  consistence ;  it  is  also  more  comfMMl 
and  dry  in  this  part ;  it  appears  that  the  act  of  digestion  li 
principally  performed  at  the  large  cud  of  the  stomach,  that  the 
mass  is  gradually  moved  forwards  to  the  small  end^  becomiDg 
more  digested  as  it  advances  ;  we  may  presume  that  the  secre- 
tion of  the  gastric  juice  principally  goes  on  at  the  large  extre- 
mity, and  that  its  chemical  action  on  tlie  aliment  takes  place  in 
this  part,  whence  it  is  slowly  propelledl  to  the  pylorus.  It  is 
accordingly  the  great  end  of  the  stomach  wlucti  is  found  to  be 
digested  af\er  death  by  the  action  of  the  gastric  juice  upon  it. 
See  also  Magendie's  remarks  on  the  formation  of  chyme; 
Phyaiol.t,ii*p.81,3. 
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quisite  mecliaBical  change,  the  food  is  transmi 
into  the  proper  digestive  stomach,  and  is  there 
duced  into  the  soft  pultaceous  mass,  termed  chyme. 
It  has  been  stated  in  a  general  way,  that  the  s; 
odonrs»  and  other  sensible  properties  of  the  alimen 
matters  employed,  arc  no  longer  to  be  recognized  i 
the  chyme*  but  that  whatever  species  of  toad  be 
into  the  stomach,  the  resnlting  mass  is  always  the 
sanies    As  far  as  respects  the  same  kind  of  animi 
when  the  nature  of  the  foo<l  employed  is  not  vi 
dissimilar,  and  all  the  functions  are  in  a  perfecl 
healthy  and  natural  state,   the  position  may  be  a 
mitted,  but  it  is  not  true  to  the  extent  in  which  t 
assertion  has  been  made,  for  we  learn  from  e 
ment  that  the  chyme  produced  from  vegetable  ma' 
differs  sensibly  from  that  of  animal  origin,  and  it 
scarcely  be  doubted,  that  in  the  different  states  of  tl 
stomach  of  the  same  individual,  even  where  the 
kind  of  food  has  been  used,  tlie  chyme  does  not 
ways  possess  precisely  tbe  same  qualities*     But  thi 
remark  may   probably  apply   to  the  stomach  oqI] 
when  its  actions  are  deranged,  in  which  case 
deviations  must  be  regarded  as  partaking  of  the 
ture  of  disease,  and  consequently  affording  no  ioi 
tion  of  the  natural  state  of  the  function. 

Although  the  properties  of  chyme  have  been 
quently  examined,  and  various  experiments  perfi 
upon  it,  still  there  is  considerable  obscurity  Tcspecting 
the  natiure  of  the  process  by  wliieh  it  is  formed,  and 


1  Hiller,  EK  Phyt.  xix.  4.  2i»  31. 
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we  are  not  able  to  account  satisfactorily  for  the  effect 
which  is  produced.  The  ojjcratioii  may  he  considered 
as  analogous  to  tlie  effect  of  a  proper  chemical 
action,  where  the  body  is  not  merely  dinded  into  the 
most  minute  parts»  and  has  its  aggregation  completely 
^estioycd,  but,  at  the  same  time,  acquires  new  che- 
mical properties.  That  this  Mud  of  solution  of  the 
food  takes  place  is  proved  by  the  experimetits  of 
Keaumiu't   Stevens,'*   and  Spallanzani,^     They  in- 

B  De  AUmentomn]  Concoctione.  Stevens  toak  advantage  of 
a  roan  who  had  been  in  the  habit  of  swat  lowing  stones,  and  af- 
terwards rejecting  them  from  the  stomach.  He  caused  this 
individual  to  swallow  hollow  metallic  spheres,  perforated  with 
numerous  onfiees,  and  filled  with  diiferent  kinds  of  alimentary 
matten,  c.  1 2*  Ex*  1 , ,  9 ;  he  afterwards  pursued  the  experiments 
upon  dogs;  he  caused  these  animals  to  swallow  the  perforated 
spheres^  and  at\er  some  time  destroyed  the  animals  and  examined 
the  sUte  of  the  aliment ;  Ex,  11..  28. 

9  Exper.  sur  la  Digest.  The  experiments  of  Spall anzant  on 
this  subject  are  quite  decistvei  and  so  varied  and  multiplied,  as 
to  meet  every  objection  that  could  be  urged  against  them. 
He  was  perfectly  indefatigable  in  the  pursuit  of  truth,  and  he 
presents  us  with  the  rare  example  of  a  philosopher  who  errs 
rather  from  the  excess  that  the  deficiency  of  the  experiment* 
which  he  adduces  in  order  to  establish  a  point,  which  might 
often  have  been  as  satisfactorily  proved  by  a  smaller  number. 
The  principal  object  of  the  first  of  his  dissertations  is  to  show, 
that  in  granivorous  birds,  the  action  of  the  gizzard  is  necessary 
in  order  that  the  gastric  juice  may  act  upon  the  hard  and  un- 
masticated  food  which  usually  composes  their  diet.  In  the 
second  he  illustrates  the  action  of  the  gastric  juice  in  animals 
that  possess  what  he  styles  intermediate  stomachs  ;  in  tlie  third, 
fourth^  and  fifth,  he  extends  his  observations  to  the  membranous 
•tomachs  of  the  amphibia^  fish,  various  cjuadriipeds,  and 
lastly  of  man% 
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closed  different  alimentary  siibstanecs  in  balls,  or  W 
metallic  spheres*  or  tubes,  that  w  ere  perforated  wth 
holes,  or  in  pieces  of  porous  cloth ;  these  were  intro- 
duced into  the  stomach,  and  after  being  suffered  to 
remain  tlierc  for  a  sufficient  length  of  time  were  trith- 
drawn,  when  it  was  found  tlmt  the  inclosed  sqIk 
stances  were  more  or  less  dissolved,  while  the  9iAi 
stance  containing  them,  whether  metal  or  cloth, 
was  not  acted  upon,  thus  proving  that  the  effect  wis 
not  of  a  mechanical,  but  entirely  of  a  chemical 
ture. 

The  opinion  which  is  commonly  entertained 
gpccting  the  production  of  chyme,  and  the  one  whii 
appears  to  be  sanctioned  by  oiur  experiments  b, 
the  glands  of  the  stomach  secrete  a  fluid  of  a 
Mar  kind»  which  is  named  gaatric  jiiica»^  that  Udi 


>  Fdr  an  account  of  the  gastric  jmoe  see  Bocrhaa!?^,  F^ 
lect.  $  77*  et  ieq.;  UaJler,  El.  Fhyi.  xiX*  1. 16  wd  %mM*  #.  9i 
ut  the  fortner  of  these  autliorn  we  have  s  copious  VtU  ef  pbyvf 
bgikU  and  chemists^  who  have  procured  it  and  exsmtnid  Hi 
properties.  Among  otliers,  tho  student  may  contuli  HaM* 
mm^  Mem.  Acad,  pour  1752^  p*  4B0,  495  ;  Fordycse  oo  D^ga^* 
fidti,  p.  62;  Hunter  oo  Uio  Anim.  iEcou*  p*  SI4<,  5  s  BttioMa* 
bach^  Inst*  Phys.  §  ^57  ;  BeJTs  Anat.  v.  iv,  p.  58.  et  »eq* ;  Ricfc^ 
(and,  EL  Phyg.  ^  ^  p«  105,  ,8;  Scerximtring^  Corpw  Himi*  Fi^ 
t.  rl  p.2G6.  ;  173  {  Cuvler,  Lemons,  L  iit.p*S62. .  t>;  Ma^tlilBai 
Phys*  L  2.  p.  199;  Monro,  Tert*  Outlinea,  r,  u.  ^  ll^.tti 
and  EL  v.  L  p*  5d7«  et  aeq.  Spaltan^ani  amde  it  the  ndilaolrf 
T^fly  QBnierous  experiments,  Exper*  §  6U  et  aeq*  145i*  lil> 
1952 ;  tli^  only  properties  which  he  detected  in  it  were  llial  ft 
waa  slightly  salt  nod  bitter  ;  aee  also  the  analyaia  of  So^poli  ai 
the  same  work^  I  244,  whtcli  aeepis  to  have  been  made  vat 
much  accuracy ;  his  conclusion  is,  that  the  gaatiic  jiiiea  pn^ 
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acts  as  a  solrcnt  for  tire  food,  and  that  the  chyme  is 
4  solution  of  the  alimentary  matters  in  this  juice. 
This  has  been  supposed  to  be  proved  by  direct  expe- 
riment. For,  besides  the  facts  that  wesc  ascertained 
by  Spallanzani,  respecting  the  solution  of  the  ali- 
mentary suhfitances  that  were  inclosed  in  the  tubes, 
he  procured  the  gastric  juice  from  the  stomachs  of 
various  animals,  sometimes  by  causing  them  to  remit 
after  fe«ting,  and,  perhaps,  still  more  effectually,  by 
introducing  sponges,  ^vhich  after  some  time  were 
withdrawn,  and  the  fluid  pressed  from  them,  Al* 
tlwugh  in  this  way  the  glands  of  the  stomach  would 
probably  experience  an  unusual  excitement  or  irrita- 
tion, which  might  be  supposed  to  affect  the  nature  of 
the  secretion,  yet  the  fluid  which  was  procured  by 
tiik  means  was  found  to  act  upon  Tarious  alimentary 
ihatters  Tcry  much  in  the  manner  which  we  conceive 
the  gastric  juice  to  do*  When  they  were  digested 
with  it  for  some  time,  at  a  temperature  equal  to  that 

tains  wflter,  an  animal  substance,  **  savoneuse  et  gelatinease," 
^unate  of  anamonJa,  and  an  earlliy  matter,  similar,  as  he  sajs, 
td  what  is  fotind  in  all  animal  fluids.     See  also  Dr.  Prout  in 
Ann.  Phil.  v.  xiii*  p,  1^.     Senebier  gives  us  an  account  of  va- 
rious experiments  that  were  performed  by  Jurioe  and  others  on 
the  use  of  the  gastric  juice  in  healing  wounds  and  ulcers  ;  Journ. 
de  Php.  t.  xxlv.  p.  161.  et  seq. ;  but  it  is  unnecessary  to  re- 
mark upon  the  uncertainty  of  such  experiments.    We  have  in 
the  same  paper  an  acecount  of  Carminati  s  analysis  of  the  gas- 
■    tricjoice;  he  found  It  salt  and  bitter,  and  frequedtly  acid;  he 
points*  out  its  aniifteptic  properties,  which  are  the  most  power- 
ful in   carnivorous  animals,  aod  appear  to  be  connected  with 
I    its  acidity ;  it  !s  also  said  to  contain  a  little  volatlte  salt,  and  a 
I    larger  quantity  of  a  muriatic  salt  ^  p,  168,  et  seq. 
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of  the  himiau  body,  a  kind  of  iiiTperfeat  clijinifica^ 
tioii  was  fouod  to  be  produced,  perhaps  as  nearly 
resembling  the  natuial  process  as  could  be  expected 
from  tlic  imperfect  manner  in  which  the  expenmeDt 
was  necessarily  performed.  This  imperfection  aU 
tacbes  both  to  the  mode  in  which  the  gastric  juice 
was  procured,  and  also  to  the  want  of  the  vermicular 
action  which  belongs  to  the  living  stomach,  by  which, 
during  the  whole  period  of  the  process  of  digestion, 
the  aliment  is  continually  in  motion^  fresh  portions 
of  it  being  expose<l  to  the  action  of  the  solvent^  and 
the  whole  gradually  pushed  forwards  from  the  cardia 
to  the  pylorus. 

It  is,  however,  not  a  little  remarkable,  that  wlica  t 
the  gastric  juice  has  been  examined  with  relation  to  il^M 
chemical  properties,  nothing  has  been  detected  in  it  , 
which  appears  adequate  to  the  effects  we  obsene  W 
be  produced.  As  far  as  we  can  judge,  it  resembUs 
saliva,  or  the  orchnary  secretions  of  the  muoooi 
membranes,  substances  which  indicate  no  active  pn^ 
perties,  and  which  we  are  disposed  to  regard  u 
altogether  verj^  inert  in  respect  to  their  action  upou 
other  boihes.  From  some  recent  experiraents  rf  I>r- 
Prout  we  learn,  that  a  quantity  of  muriatic  acid  is 
present  in  the  stomach  during  the  proems*  of  diges* 
tion,  but  tlicrc  does  not  appear  to  be  any  evidence  of 
the  existence  of  this  acid  before  the  iutroductioti  of 
the  food  into  the  stomach,  so  that  we  may  rallicr 
infer  that  it  is,  in  some  way,  or  other,  developed 
during  the  process  of  digestion,  than  that  it  is  1I16 
efficient  cause  of  it.     After  it  is  developetl  we  nwf 
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indcai  conclude  tbat  it  essentially  contributes  to  the 
completion  of  tlie  process,  although  we  are  not,  I 
think,  able  to  explain  the  mode  in  which  it  operates.^ 

^  We  have  many  accounla  among  the  earlier  pliyiiiologists  of 
ucid  being  detected  lo  the  stomach  J urin^r  digestion;  it  wa&  aiie 
of  the  essential  doctrines  of  Vanliehnont,  that  an  acid  is  deve- 
loped by  the  action  of  the  stomach  upon  the  aliment,  in  what 
he  styled  the  first  digestion  ;  Ortus  Med.  p.  164<.  .7.  et  alibi; 
also  WilHs  dc  Ferment.  Op.  t*  I  p,  25  ;  this  acid,  however,  was 
generally  supposed  to  depend  upon  a  morbid  condition  of  the 
organs.     H alter  says,  that  in  its  recent  and  healthy  state^  the 
chyme  is  neither  acid  nor  alkaline;  noL  ad  §  77.  Boer.   Prael 
t.  i.  p.  138;  and  EI.  Phys,  xjx.  hl5 ;  but  he  afterwards  informs 
us,  that  in  some  experiments,  which  were  made  at  his  request 
by  R  as  tins,  a  tendency  to  alkalesceocy  was  detected  In  it.     He 
classes  the  acescency  of  the  stomacli,  along^  with  fermenta- 
tion, putrescence,  and  rancidity,  under  the  title  of  "  Corruptio 
Varia;**  Ibid,  xix.  4.  29.     Fordyce  also  states,  aj  the  result  of 
his  own  experiments,  as  well  as  of  Hantcr*s,  that  the  contents 
of  the  stomach  are  not  necessarily  acid;  on  Digest,  p.  ISO,  1. 
We  have  a  well  written  anonymous  essay  in  Duncan**  Med* 
Com.  v«x.  p.  305.  et  seq.,  to  show  that  the  stomach  does  not 
Contain  any  acid.     Spallanzani  makes  the  presence  of  acid  dur- 
ir»g  digestion  a  distinct  object  of  inquiry,  and  decides,  that  al- 
though it  is  occasionally  present,  it  is  not  essentially  so  j  Expor. 
§  239.  .24-5;  See  Hunter's  remarks,  in  Anim.  CEcon,  p.  293. 
et  seq.    We  have  a  curious  case  related  by  Circuud  in  Jounv. 
Phys,  t.  liii.  p.  156,  7,  of  an  individual  who    lived  many  years 
with  a  fijtuloQS  opening  into  the  stomach  ;  the  contents  appear 
to  have  been  generally  acid.     M.  Dumas  relates  a  series  of  ex* 
penments  which  he  performed  upon  this  subject,  the  result*  of 
whicli  led  him  to  conclude,  that  the  gastric  juice  is  not  necessarily 
acid,  but  that  it  occasionally  becomes  bo  by  the  use  of  certain 
sdimcnts  that  are  disposed  to  go  into  the  acid  state ;  EL  Phys. 
t  i,  p.  278..0.      MM.  Ticdemann  and   Gmelin   seem  always 
to  have  detected  an  acid  in  the  digestive  organs;  Ed,  Med. 
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But  notwithstaodiDg  this  uncertainty  ubonl  th^ 
nature  and  operation  of  the  gastric  juice,  many  cir^ 
cumstances  prove   that  the  stomach,  or  rather 
fluid  which  it  secretes,  possesses  a  proper  chemic 
action,  because  its  effect  upon  bodies  submitted  to  it 
bears  no  proportion  to  their  mecliaiiical  texture 
other    physical    i)ropertiesJ'      Thus    the    8ecretio]| 
from  tho  stoniach  acts  upon  dense  membrane 

Journ.  V.  xvii.  [i.  457*     Dr*  Prout's  experiinenU  ar^  io 
Trans,  for  1824.  p.  45.  et  scq. 

i  yi,  Mootegre  has  performed  a  series  of  experimeatSi  i 
appear  tq  have  been  executed  with   care  and   assiduitjt 
which  lead  us  to  an  opinion  respecting  the  nature  of  di| 
Ytry  dilTcrent  from  what  has  been  generally  adopted.     H^  ] 
ses&ed  the  faculty  of  being  able  to  vomit  at  pleasurei  aad  i%| 
thh  way  obtained  the  iluld  from  his  stomach  for  the  purposes  o^l 
examination   and  experiment.     He   conceives   thai  what 
been  supposed  to  be  the  ga&tric  juice  i&  in  fact  QOtbipg  mo 
than  saliva^  that  it  possesses  uo  peculiar  power  of  acting  ■ 
alimentary  matter,  that  the  principal  use  of  the  gastric  juioeil 
to  dilute  the  foodj  and  that  the  only  action  of  the  stQmacIi  i 
atsts  in  **  une  absorption  vitale  et  elective/'  i|t  whlcli  the 
^orbent  vessels^  in  conse(|ueuce  of  their  peculiar   seasihilitj'J 
take  up  certain  parUs  of  the  food  aod  reject  otherb.     Exper. 
la  Digestion,  p-  20*  et  seq. ;  ^ee   the   general    conclu2kions  il 
p.  4S,  4.     Tliat  the  conclusion  of  M.  Montegrc  respecting 
action  of  the  stomach  cannot  be  maintained.  Is  correctly 
served  by  M.  Bertliollet,  in  \m  report  upon  ilie  memoir, 
caus€|  until  the  food  has  undergone  a  certain  chemical  < 
in  the  stomachy  the  substance  does  not  exist  which  is  taken  i 
by  the  absorbents ;   and  furtlier,  that  whatever  pfl\}i  be 
opinion  respecting  the  nature  of  the  gastric  jtuo9»  or  llie  i 
in  which  it  operates,  it  has  been  unequivocally  proved  that  it  ( 
act  upon  substances  which  are  not  iu  contact  witli  the  si 
provided  they  are  exposed  lo  iti  secretiom  i^  jp *  ^j^i^f 
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twn  iipQii  bone^  reducing  tbem  to  a  pulpy  raass* 
while»  at  the  same  time,  many  bodies  of  compara- 
tively delicate  texture,  as  the  skins  of  Suits  and  the 
finest  libres  of  llax  or  cotton,  are  not»  in  the  smallest 
degree,  affected  by  it*  This  selection  of  snbstancet 
ia  exactly  resembles  the  operation  of  diemical  affi«> 
nity,  and  ib  so  directly  contrary  to  what  would  be 
the  effect  of  mere  mechanical  agencyj  as  to  prove 
beyond  a  doubt,  that  a  chemical  action  takes  place 
in  the  stomach,  and  we  are  only  induced  to  hesitate 
in  giving  our  assent  to  this  opinion,  becaus^e  the 
qualities  of  the  agent  appear  to  he  so  unlike  what  we 
might  expect  to  find  in  a  body  capable  of  producing 
such  powerful  effects* 

h.  Besides  the  property  of  dissolving  the  aliment  and 
leducing  it  to  the  state  of  chyme,  the  gastric  juice 
produces  two  other  effects  which  are  decidedly  of  a  che-* 
mical  natinrc,  the  coagulation  of  albuminous  fluids'^ 
and  the  prevention  of  putrefaction.  It  is  as  difficult 
in  this  case  as  in  the  former  to  explain  how  these  pro- 
perties can  be  attached  to  such  a  substance  as  chenu- 
oal  analysis  would  indicate  the  gastric  juice  to  be. 
It  is  upon  the  coagulating  power  of  the  gastric  juice, 
at  residing  on  the  suriace  of  the  stomach,  that  the 
method  of  making  cheese  depends.  What  we  term 
rennet  consists  of  an  infusion  of  the  tiigestive  sto- 


*  Fordycc  on  Digest,  p,  57,  9  ;  176,  et  seq»     Fordyce,  ftf 
the  extent  of  the  coagulating  power,  remarks,  "  the  bItl 
or  seven  grains  of  the  inner  coat  of  the  stomach  infofied  iii 
WAter  gave  a  liquor  which  coagulated  more  than   a  hundred' 
dwicer  of  mHk/*    Sec  ftout,  Ann.  Phil*  v,  Stih\  p,  13,  et  nUbl   ' 
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mach  of  the  calf,  and  by  adding  this  to  mift/ivt 
convert  the  albuminous  part  of  it  into  the  stite  of 
curd,  whicli  is  formed  into  a  dense  mass  by  presaig 
out  the  more  fluid  part  from  it.  But  here  again  tiae 
difficulty  occurs  which  was  alltided  to  abore,  that 
we  are  at  a  loss  to  conceive,  by  what  property  in  tlie 
gastric  juice  it  is  that  this  coagulation  can  be  ( 
The  quantity  of  the  rennet  which  is  suffident'. 
produce  the  eflTect  is  so  extremely  small  that  it  ii 
ficult  to  imagine,  how  so  minute  a  portion  of  a 
stance,  which  seems  to  possess  no  properties  of 
active  nature,  can  produce  such  very  powerftd  ef 
I  think  that  the  present  state  of  our  knowledge 
not  enable  us  to  explain  the  difficulty,  but  it 
be  remembered  that  the  process  of  coagulation 
itself  one  of  the  most  mysterious  operations  in 
mistry,  that  it  is  produced  by  a  variety  of  subst 
the  action  of  wliidi  we  are  not  able  to  reduce  to  an] 
general  principle,  and  the  nature  of  which  it  ia  ] 
haps  impossible  satisfactorily  to  explain. 

The  other  peculiar  eflTect  of  the  gastric  juice*  it 
antiseptic  power,  is  no  less  difficult  to  expbiu 
its  coagulating  property,  yet  there  is  no  doubt  of 
existence,  for  it  was  distinctly  ascertained  by  Sf 
lanzani  and  others,^   that  iu  carnivorous   auii 


5  Experiences,   §  250,.^.   et  alibi;  Hunter   on   the 
(Ecou.  p.  20^<  M.  Montegre  clues  not  adtnit  the  exbtenee  < 
this  antiseptic  property  ;  Sur  la  Dige»tion»  p.  SI.  «i  alibi ;  M 
ex}>erkments  would  likewise  deprive  it  q(  i (a  coagulating  powc 
af  whicli,  I  conceive^  il  h  impossible  to  doubt.     Sioeft 
above  was  writteai  1  finil  ttiatihe  experimeDts  of  Mr*' 
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who  firequciitly  take  their  food  in  a  half  putrid  state, 
tho  firs^t  operation  of  the  stomach  is  to  remove  the 
fcetor  from  the  aliment  that  is  received  into  it.  The 
same  power  of  resisting  putrefaction  is  also  mani- 
fested in  experiments  that  have  been  made  out  of  the 
body,  in  which  it  was  found  equally  efficacious  in 
resisting  putrefaction,  or  even  in  suspending  the 
process  when  it  has  commenced*  The  antiseptic 
power  of  the  gastric  juice  is  perhaps  still  more  ex- 
traordinary and  inexplicable  than  its  coagulating 
property  ;  we  can  only  say  concerning  it,  that  it  is  a 
chemical  operation,  the  nature  of  which,  and  the  suc- 
cessive steps  by  which  it  is  produced,  we  find  it  diffi- 
cult to  explain,  at  the  same  time  that  we  have 
very  little  in  the  way  of  analogy  which  can  assist  us 
in  referring  it  to  any  more  general  principle,  or  to 
any  of  the  established  laws  of  chemical  affinity. 

The  conclusion  then  to  which  we  arc  reducetl  is, 
that  when  the  food  has  inidergone  a  sufficient  degree 
of  maceration  and  mastication,  or  other  mechanical 
process  by  wliich  it  isrcthiced  to  a  state  of  sufficiently 
iBinute  division,  the  fluids  that  are  secreted  from  the 
surface  of  the  stomach  act  upon  it,  so  as  to  produce 
a  complete  diange  in  its  properties.  This  is  analo- 
gous to  a  chemical  change  in  all  its  relations,  hut  it  is 
remarkable  from  tlie  difficulty  which  we  have  in  con- 
have  led  hmi  la  deoy  the  antija^ptic  pro|>eny  of  the  gastric 
juice;  Lect*  on  Digest,  p.  14  ;  but  with  every  feeling  of  respect 
for  tliis  author,  I  may  remark,  that  it  would  require  a  consider* 
able  number  of  negative  results  to  set  aside  the  force  of  the 
poiitiYC  ititemeats  which  Wv*  posst^ss  on  this  subject- 
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ceivingliow  fio  considerable  an  effect  eaii  be  pi 
by  so  apparently  inert  a  substance*      Duriog^ 
process  of  cliymification  heat  is  occasionally  extric 
and  not  imfrequently  gas  is  evolved ;  **  both  of 

^  The  nature  of  die  gasei  that  are  found  in  the  different  | 
of  the  ah*inentary  caual  has  been  eitamined  by  Juriue  and  Ch 
^reuL     Juiine's  results  showed,  that  m  we  recede  IVoni  the  M 
nmchf  the  proportion  of  oxygen  and  carbonic  acid  de 
while  that  of  nitrogen  Lncreaees ;  and  that  the  proportion  of  h| 
drogen  Is  greater  In  the  large  tliaa  in  the  sinaU  inteatioesj 
kfti  in  these  than  in  the  stomach ;  Mem.  Roy.  Med.  Soc-U^ 
p.  72.  et  set|.     M.  Chevreul  analyzed  the  gas  in  the  SIQ 
the  small,  and  the  lai^e  intestmes,  with  the  following  restihi: 

In  the  Stomach* 

Oxygen 11 

Carb^acid,,, ..>♦♦.••  U 

Hydrogen «..•..# S&S 

Nitrogexi 7 I*4J 

lOO-O 
In  the  Small  Inte&ttneSy  in  three  different  SuhfecU* 

Oxygen ......       OO OO  . . , .     0K> 

Carb.acid  ,,*.  2M9.*.,  40  0,,,,  85-0 
Hydrogen  ....  55-53...^  5M5..,.  %*4 
Kitfogen SO^OS.,,^     8  85*,.,  66^ 

100  00         lOOOO        100^ 

Ga$  in  ike  Great  Intestines  f)fthejirsi  of  the  three  Sn^eds, 

Oxygen (Hi 

Carbonic  acid 43*5 

Carburetted  hydrogen  with  a  trace  of 

sulphuretted  ditto.  * 5'i*l 

Nitrogen 511)8 
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llfwerer  would  appear  not  to  be  neeessaiy  tteps  in 
the  process,  but  the  cousequeuce  of  a  morbid  stato 
of  the  function.  Previous  to  the  experiments  of 
Dr.  Prout,  the  generation  of  acid  m  the  stomach  waa 
regarded  in  the  same  point  of  view,  but  we  are  now 
led  to  conceive  that  it  is  a  necessary  part  of  the  di« 
gestive  process,  and  that  it  contributes,  in  some  way 
or  other^  to  the  formation  of  chyme.  It  still  remaina 
to  be  inquired,  whether  in  all  eases  of  what  is  termed 
acidity  of  the  stomach,  the  acid  formed  be  the  mu- 
riatic, in  what  exact  stage  of  the  process  it  is  pro* 

Of  the  Secmd. 

Oxygen  ,.,,♦,  ^ , , 0-0 

Carbonic  acid , 700 

Hydrogen  and  carburett«d  hydrogea  11  6 

Nitrogen , 164 


lOOO 
In  A€  Cmwm  ffike  Thkd. 

Carbonic  acid  ••*,...*,,.•,.,♦.•»»  12'5 

Hydrogen    , ,.  7*5 

Cerburetted  hydrogen   12-5 

Kitfogen €7*S 


100^ 
/it  the  Redrnn  &f  4he  Sam€, 

Oxygen , . , , OO 

Carbonic  acid «'86 

Hydrogen  . . , , QrO 

Carboretied  hydrogen 1 1*18 

Nkrogen   45*96 

100-00 
Mageodle,  Phy^  I.  il  p.&5  i  1(H,  S,  llfi,  5, 


45^  -t'rocas  ofi^Jtylifitatiort* 

duced,  from  what  source  the  acid   is  immeSiatelj 
derived^  and  liow  it  is  ultimately  disposed  of- 

I  have  already  given  some  account  of  the  venni^J 
eular  motion  of  the  stomach,  or  that  alternate 
traction  and  relaxation  of  the  muscular  fibres,  bfj 
means  of  which  its  different  parts  are  successive!^ 
brought  into  action,  which  is  propagated  in  a  regularly 
progressive  manner  along  the  whole  of  the 
This  motion  is  evidently  intended  to  mix  all  tli 
parts  of  the  alimentary  mass  intimately  together,  and 
to  apply  each  portion  in  succession  to  the  surface 
the  stomach,  so  as  to  bring  it  into  contact  with  tl 
gastric  juice.  It  is  princitmUy  produced  by  the  con 
traction  of  the  circular  or  transverse  fibres,  wrhile 
is  probable  that  the  longitudinal  fibres  have  roc 
effect  in  propelling  the  eontents  of  the  stomach 
the  cardia  to  the  pylorus. 

When  the  conteuls  of  the  stomach  enter  the  duo 
dcnum  they  are  subjected  to  a  new  action,  and  unc 
a  farther  change  in  tbcir  constitution  and  physic 
properties,  by  which  the  chyme  is  converted  in! 
chyle.^     The  nature  and  properties  of  chyle  hal 

7  From  the  remarks  that  were  made  above,  p*  434,  i(  irlll  i 
pear  that  the  older  physiologists  were  Dot  thoroughly  aware  *(i 
the  dii»lmctioa  between  clij/me  and  chf/U,  and  still  lest  irere  1 
acqimmted  with  the  exact  part  of  the  digesting  orgaoa  in  whi^ 
the  latter  made  its  appearance.     From   the  expressions  mhld 
ore  employed  by  Boerhaave  j  Frtelect.  ^  90, .  5  ;  it  may  be 
ferred,  that  be  supposed  the  chyle  wsi»  farmed  in  the  fitomae 
and  was  merely    separated   in  the  duodenum  from  tbc  rt! 
dual  muss,     Haller  s  opinion  on  this  point  is  not  stated  with  I 
LisHftl  cl^amesa  aad  precjsioa»  dllbougbi  upon  the  whol^J 
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been  exatrriiied  with  more  minuteness  and  accumcy 
than  those  of  cbyme,  althaiigh  with  respact  to  the 
mode  of  its  production  we  are  still  less  able  to  offer 
any  satisfactory  iDforoiation.  We  seem  to  be  in  pos- 
session of  Httle  more  than  the  general  fact,  that  the 
contents  of  the  stomach,  soon  after  they  pass  into 
tlie  duodenum,  begin  to  separate  into   two  parts,  a 

appears  probable,  that  he  sup  posed  the  process  of  eliyliticatioit 
]«  not  perfected  In  the  stomachy  but  he  does  not  make  timt  dis* 
Imction  between  the  contents  of  the  stomach  and  the  duodenum 
which  have  been  pointed  out  by  later  physiologists.  See  Prim. 
Lio.  §  6iS5, 8,737.  v.  ii,  p.  160, 1,  221,  2  ;  alio  Ef.  Phys.  xviii,  4, 
24,  SI*  and  xxiv.  %  1-  Juncker  very  accurately  discriminates 
l^etween  chyme  and  chyle  ;  he  says  that  the  aliment  is  reduced 
to  chyme  in  the  stomach,  and  is  then  propelled  into  the  duode- 
numy  where  it  is  converted  into  chyle,  by  the  mixture  of  other 
flubstaDces  with  it;  C  on  spec  t.  Physiol.  Tab.  11.  De  Secret  ione» 
and  Tab-  25*  De  Nutritione,  Vanhelmont  complains  that 
*^  Usus  duodeni  nqglectus  in  Gcliohs,"  and  makes  the  ibf lowing 
observation :  **  Mirum  dictu^  quod  arid  us  cremor  in  duodenov 
salis  suporem  confectini  acquirat,  suumque  salem  acidum  in 
aalcm  salsuni^  adeo  libenter  commutet.''  Ortus  Med.  p.  1679  8. 
On  tbis^  as  on  many  ether  occasions,  we  shall  lind  the  opinions 
of  Baglivi  more  nearly  correct  than  tliose  of  his  contemponi<». 
ries;  Ditis.  3.  Circa  Bilem ;  Op*  p,  429,  0»  Nor  have  the  mo- 
derns been  always  sufficiently  correct  on  these  points.  See 
particularly  Hunter  on  the  Aoim.  CEcon.  p.  213.  Fordycci' 
indeed  J  distinctly  state*,  *'  that  chyle  is  not  formed  in  the  sto- 
mach,** yet  in  many  parts  of  his  treatise  he  argues  as  if  the 
process  of  chylification  was  completed  in  the  stomachv  See 
Bell's  Anatomy^  v,  iv.  p-  65.  etseq,,  and  Monro's  (Pert,)  Elenu 
v»i.  p.  552;  where  the  fact  is  correctly  stated,  that  the  chyle 
16  not  perfected  until  the  alimentary  mass  arrives  at  llie  duode- 
ntimp  Richerand  observes  that  tJie  essential  part  of  the  pro- 
cess does  not  take  place  in  the  stomach,  yet  bis  expression  would 
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White  matter  which  constitutes  the  chyle 
detached  &am  the  mass,  while  this,  which  consists 
the  residual  taatter,  is  conrertctl  into  fseces,  and  finally] 
rgected  from  the  system.  At  the  same  part  of  thij 
intestiital  canal  where  this  separation  takes  place, 


ilnHiftt  lead  ui  to  suppose  that  he  eonceiTed  the  actton  of  ihi\ 
duodeniitn  was  merely  to  separate  the  nutritive  from  the  ext 
aoentitioiis  part  of  the  aliment;  EL  Phys.  §  H.  p.  9B*    Bk] 
Home,  in  hii  obserTations  upon  the  purposes  wbich  ftre 
l>j  the  different  cavities  in  the  wha]e»  i pea^  unecinhfocilfy 
Ajle  being  fbrmed  in  the  proper  digesting  stoaiacli,  Bod  i 
ptefi  not  to  be  aware  of  the  distinction  between  dhfom 
cfayle ;  Phil.  Trans,  for  1807f  p*  ^,  9;  the  same  remark  i 
to  the  paper  in  Uie  second  part  of  ilie  same  volume-     With 
apect  to  this  latter  paper  I  may  remark^  that  it  coti tains  a 
interesting  account  of  the  formation  of  the  Motaacb^  whtofa 
traced  through  the  various  classes  of  animals,  the  object 
irhieh  is  to  show  that,  in  all  cases,  the  cardiac  aitd  the  pylo 
ends  differ  in  their  structure,  and  consequently  in  their  functso 
the  former  serving,  b^  would  appeafi  mote  for  m£kceratHKi, 
latter  for  chymificatton  ;  the  whole  being  illustrated  by  a  i 
of  excellent  engravings.     Sir  E.  Home  states,  that  this 
aity  m  the  structure  of  the  two  parts  of  the  stomaeh  k  mar%« 
by  a  visible  contraction  in  the  external  form  of  tlie 
owing  to  a  transverse  muscular  band:  p*   170.  et  aeq*     It  is 
littte  singalar  that  he  should  suppose  that  it  had  not  been 
titad  before,  as  we  learn,  by  a  copious  Ii«t  of  reftrences 
Maaro'fi  Elom.  %\  I  p.  51  J)>  0 ;  that  it  Was  deteribed  hf  C« 
and  his  since  been  frequently  referred  to;  10  these 
wo  may  add  Hatler ;  EL  Phys.  nix*  4s  5  ;  where  it  h 
m  the  clearest  manner,  as  having  been  seen  bo^  by 
and  others.     Dr.  Prout,  in  his  valuable  poper  to  whtdt  1 1 
so  frequently  referred,  Tery  dearly  points  out  dte  ffpedfic 
ration  o€  the  duodenum;    Ann.  Phil-  v.  sdii,  p.  IS.  n 
r.  Ptttl.  j  105}  Halleri  £L  Phys.  xait.  f.l 


Pivce$^  of  ChyliJicalioH, 

iuodcimm  receives  the  secretionB  from  the  biliary  and 
panci^atic  duets ;  and  it  is  8tated,  that  the  chyle  as-^ 
sumes  its  most  perfect  fonn,  or  is  produced  in  thi 
greatest  quantity  about  the  orifices  of  these  vessels, 
so  as  to  indicate  some  connexion  between  the  process 
of  chylification,  and  the  action  of  the  bile  and 
Jiancreatio  juice.  We  have,  however,  no  very  direct 
proof  of  any  action  taking  place  between  these  fluidn 
and  the  chjine,  so  as  to  convert  it  into  chyle,  nor  are 
we  able  to  offer  any  explanation  of  the  nature  of  the 
effect  which  they  might  be  supposed  to  produce  upon 
it.  The  pancreatic  juice  appears  to  be,  in  all  respects, 
aimilar  to  the  saliva,  and  althongh  the  bile  might  be 
supposed  to  possess  more  active  properties,  in  eonse- 
^aence  of  the  resinous  matter  and  the  soda  which  it 
contains,  we  have  no  data  by  which  we  are  able  to 
ascertain  what  their  operation  would  be  upon  the 
chyme.  It  lias  been  supposed  by  some  physiologists, 
that  the  duodenum  secretes  a  specific  fluid,  which 
coni^crts  chyme  into  chyle,  as  the  gastric  juice  con- 
verts aliment  into  chyme ;  but»  as  we  have  no  proof  of 
tbe  presence  of  this  fluid,  except  its  supposed  utility 
in  the  case  under  consideration,  it  would  be  incorrect 
to  assume  its  existence,  without  more  direct  prooC 
Wc  appear  then  to  be  reduced  to  the  couclusiou  that 
the  change  is  probably  affected  either  by  the  inta*- 
vcntion  of  the  bile  and  pancreatic  juice,  or  the  action 
6f  the  constituents  of  the  cliyme  upon  each  other  ^ 
bdtli  these  causes  may  operate,  although  perhaps  the 
former  is  the  more  efficient  of  the  two*'* 


•  We  are  indebted  to  Mr*  Brodie  for  a  series  of  experiments 
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The  chyle,  when  thus  procured  from  chyme;) 
separated  from  the  residual  mass,  is  a  white 
substance,  cousiderably  resembHng  cream  in  its 
and  physical  properties/'     When  removed  from  ti 
body  it  soon  Iwsgins  to  concrete,  and  finally  sepcutt 
into  two  parts,  a  dense  white  coagulum  and  a 
pal  exit  colourless  fluid,  an  operation  which  appean 
be  very  analogous  to  the  spontaneous  separation 
the  blood  into   the  crassamcatum  and   the 
The  chemical  properties  of  the  constituents  of  cbyl 
appear  also  to  be  considerably  analogous  to  those  rf 
tlic  corresponding  parts  of  the  blood,  and  the  chyJc  U 
likewise  found  to  resemble  the  blood  in  the  Datun»  i 
its  salts ;  but  on  the  other  hand,  it  differs  from  i 
essentially  in  containing  a  quantity  of  oil  or 
matter,  an  ingredient  which  is  only  occasionally  fon 
in  the  blood.     Hence  it  appears,  that  in  its  cheniic 


wluch  he  performed  on  living  aninialflt  in  order  to  ascertain  i\ 
effect  of  bile  upon  the  proce&s  of  chylification,  which  arc 
fiimplei  that,  at  first  view,  they  appear  decisive  in  favour  of  t!i 
opiolon  that  the  formation  of  chjle  ii  the  immediate  result  I 
tlie  mixture  of  hile  witli  chyme.     Ttiey  consisted  rnereJy  in  i 
plying  a  ligature  round  the  duct  which  conveys  the  bile  fr 
the  liver  Into  the  dtiodennnii  the  refiult  of  which  la  stated  to 
been,  that  the  process  of  chyhficalioo  was  suspended.     But  i 
though  tite  experiments  must  be  regarded  as  highly  ttitemthq 
1  think  we  should  be  ncarcely  justified  in  giving  our  tictqoaii^ 
assent  to  the  conclusion  which  the  author  draws  froiu  thci 
without  a  more  fuU  detail  of  the  circumstances  attending 
than  we  at  present  possess ;  Quart.  Journ.  v.  xiv*  p,  3iK  cl  i 

9  Fordyce  on  Digestion,  p.  121  ;  Young's  Meti.  Lit.  p.  5ll 
fr.  Derzelius  ;  Dumas,  FhyeioL  t-  i.  p*  379.  *  1  ;  Magaidien 
sioK  t.iLp;  l^lv.S, 


Mrperimems  of  V&uquelin. 


'properties,  as  well  as  in  its  ph  J^siological  relations,  w^ 
Jiiay  regard  the  chyle  as  a  kind  of  intermediate  sub* 
itance  between  the  chyme  and  the  blood,  j 

7  '  For  the  chemical  analysis  of  chyle,  we  arc  princi-^ 
pilly  indebted  to  Vauquelin,  Maicet,  and  IVout,^  wlio, 
io  succession,  examined  it  with  much  mrnnteness, 
Vaufiuelin  employed  the  chyle  of  a  horse,  as  obtained 
both  from  the  thoracic  duct,  and  from  one  of  the 
principal  branches  of  the  lacteals*  The  chyle  from 
the  thoracic  duct,  when  it  had  spontaneously  coagu* 
lated,  contained  a  clot  which  was  of  a  light  pink 
colour,  its  colour  being  deeper  than  that  of  the  serous 
part»  while  the  clot  from  the  lacteals  was  almost 
white*  The  properties  of  the  liquid  part  werei  very 
nearly  BijonOar  to  those  of  the  serum  of  the  blood ; 
like  this  it  contains  uncombined  alkali,  hut  it  differs 
from  it  in  containing  an  oily  or  fatty  matter,  which 
is  also  founds  although  in  smaller  quantity,  in  the 
coagulam*  The  coagidum  contained  a  basis  of  a 
substance  considerably  resembling  fibrin,  so  as  to  in- 
dicate  that  the  coagulum  of  dxyle  is  of  an  intenne- 
diate  nature  between  alhunuen  and  perfect  fibrin.* 
The  principal  object  of  Marcet's  experiments  was  to 
compare  the  chyle,  as  produced  by  vegetable  and 
animal  food  in  the  same  kind  of  auimal ;  for  this 

•jp '  Ennnert  made  some  experiments  on  chyle,  which  he  pro- 
eured  from  the  lacteals  «oon  after  it  enters  these  vessels,  but 
we  do  not  obtain  much  precise  information  from  them  ;  Ann^ 
Chim.  t.  Ixx3e.  p.  81.  et^eq. 

*  Ann*  Chim,  t.  IxxxL  p.  113.  et  ^eq. ;  Ann.  Phil,  r*  fi, 
p,  250*  et  leq.  ,    , ,  , 
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j)m7»osc  he  procured  it  from  the  thofadc  duct  of 
dogs.  In  all  the  essential  |>ointd  his  results  agreed 
with  those  of  Vauqiielin.  The  chyle  consisted  of  i 
coagulum  of  a  pinkish  appecorance,  containing  fibres  or 
filaments,  and  of  a  fluid  part  very  similar  to 
serum  of  blood,  except  that,  in  the  animal  chyl 
there  was  the  oily  or  fatty  matter,  which  floated 
its  surface  like  cream,  Tho  vegetable  chyle  generally 
bore  less  resemblance  to  blood  than  that  derived  from 
animal  footl;  the  latter  was  more  disposed  to  becomi 
putrid,  and  upon  the  addition  of  potash,  it  e 
a  quantity  of  ammonia,  which  was  not  the  ease 
the  vegetiible  chyle,  while  the  oily  matter  wad  f 
in  the  animal  chyle  alone.  The  two  speciee  vmt 
the  same  specific  gravity,  and  contained  the 
weight  of  saline  matter,  but  the  solid  residuum  df 
animal  chyle,  as  obtained  by  evaporation,  was 
siderably  greater  than  from  the  vegetable  diyi 
When  they  were  both  submitted  to  destnietivie 
tillation,  the  vegetable  chyle  produced  three  timet 
much  carbon  as  the  animal  chyle,  whence  we 
conclude  that  the  latter  contains  a  much  greater 
portion  of  hydrogen  and  nitrogen.**  It  is  not  imp 
babltf  that  in  this  case,  tho  vegetable  chyle  was 
completed  or  assimilated,  in  consequence  of  the 
being  fed  upon  a  diet,  which  was  not  natural  to 
digestive  organs;  for  we  observe  that  the  chyle 
the  horsci  a$  examined  by  Vauquelin,  which  m^ 
have  been  dcrivetl  from  vegetable  food,  was  in  a  mi 


1  Med*  Chk  Tr.  v.  vi.  p.  Bl^,  et  seq- 
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fcniffialized  state  than  the  vegetable  chyle  In  Marcct's 
exiperiments,  Dr*  Pronf  s  results,  for  the  most  part, 
igree  with  those  of  Vauquelin  and  Marcet*  The 
chyle  was  found  to  consist  of  a  coagulinn  and  a  fluid 
part,  which  bore  a  general  resemblance  to  the  corres- 
ponding ingredients  of  the  blood.  In  addition  ta 
these  there  was  the  oily  or  fatty  niabtcr,  which  ap- 
pears, however,  to  have  been  in  less  quantity  than  in 
the  animal  chyle  which  was  examined  by  Blarcet. 
Or.  Prout  likewise  compared  the  chyle  as  produced 
from  vegetable  and  from  animal  food,  and  found  the 
former  to  contain  more  water  and  less  albuminous 
inatter^  while  the  fibrous  part  and  the  salts  were 
'nearly  the  same  in  both  ;  they  are  both  said  to  have 
exhibited  a  trace  of  the  oily  matter;  npon  the  whole 
h«  found  less  difference  between  the  two  kinds  of 
tihyle  than  had  been  noticed  by  Jfarcet  Dr.  Prout 
has  given  us  an  interesting  account  of  the  successive 
changes  which  the  chyle  experiences  in  its  passage 
along  the  vessels,  having  examined  it  when  it  first 
enters  the  lacteals,  when  it  has  arrived  nearly  at  their 
termination,  and  when  it  is  finaDy  deposited  in  the 
iJioradc  duct.  Its  resemblance  to  the  bloody  as  might 
1^6  expected,  was  found  to  be  increased  in  each  of 
Ihese  Successive  stages  of  its  progress,* 
f         The  chyle,  as  it  is  formed  or  separated,  is  taken  up 

4  Ann*  PhiK  v,  xiil  p,  2*2. .  5 ;  see  also  Magcndie,  Phys.  I.  iL 
j>.  154-. » $.  Magendie  observes,  that  the  opake  wliite  matter, 
whicli  is  observed  in  the  serous  part  of  chyle,  is  more  abundaot 
when  the  animal  has  ufied  any  considerable  proportion  of  fat  or 
oil  in  lU  diet;  Ibid,  p.  157- 
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by  the  lacteals,  a  set  of  vessels,  the  appropriate 
of  which  is  to  convey  this  substance  from  the 
dennm  to  the  thoracic  duct-    Upon  exammiiig 
contents   of  the  different  parts  of  the  aliment 
canah  we  observ  e  that  the  chyle  first  makes  its  a| 
pcarance  soon  after  the  chyme  leaves  the  pyk 
tliat  the  greatest  quantity  of  it  appears  to  be  fonne 
at  a  short  distance  from  tliis  part»  more  especially,  i 
it  is  said|  near  the  orifice  of  the  biliary  duct^ 
that  it  gradually  occurs  in  less  and  less  quaxitityp 
wc  paiis  along  the   small  intestine*,  until  it  U 
longer  to  he  met  with,  and  that,  except  in 
morbid  states,  where  the  contents  are  propelled 
midiie  rapidity,  no  chyle  is  ever  found  beyond 
small  intestines. 

The  obvious  and  essential  use  of  the  large  int 
tines  is  to  carry  off  from  the  system  the  reAise 
after  the  separation  of  the  chyle  from  it ;  we  ma] 
however,  suspect  that^  in  this,  as  in  all  other  an^ 
gous  instances,  some  secondary  purpose  of  utility  i 
.8er\-ed  by  them.     Tim  opinion  is  farther  reudere 
probable  by  their  anatomictd  structure,  for  beside 
their  length,  which  although  less  thau  that  of 
small  intestines,  is  still  considerable,  there  is 
dently  a  provision  in  them  for  retaining  their 
tents,  and  preventing  them  from  passing  too  raf 
through  them.     It  is  moreover  oliserved,  Uiat  the 
is  an  obvious  change  in  the  physical  properties  of  1 
contents  of  the  intestines  from  the  time  when 
enter  the  cceciim  imtil  they  arrive  at   the 
Although  they  no  longer  contain  chyle,  and  arc  the 
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fore  not  fxirnishcd  with  lacteals,  they  have  a  number 
of  lymphatic  %^€ssds  connected  with  them,  which 
absorb  the  more  fluid  parts  of  the  faeces,  and  thus 
extract  from  them  what  may  ultimately  cou tribute 
to  nutrition.  That  this  is  the  case  is  rendered  pro- 
bable by  the  effect  of  nutritive  matter  injected  into 
the  rectum,  which,  iu  cases  of  mechanical  obstructions 
of  the  cesophagus,  when  food  cannot  be  received  into 
the  stomach,  has  supported  life  for  a  certain  lengtli 
of  time,  proving  the  capacity  of  the  organs  to  extract 
any  portion  of  nutriment  which  may  be  mixed  with 
their  contents.  Probably,  however,  the  most  impor- 
tant object  to  be  gained  by  the  structure  of  the  large 
intestines,  is  to  retain,  for  a  certain  length  of  time, 
the  fffical  matter^  which  is  gradually  transmitted  to 
them  by  the  upper  part  of  the  canal,  and  to  allow  it 
to  be  evacuated  at  certain  intervals  only ;  a  temporary 
detention  of  the  contents  being  thus  rendered  neces- 
sary,  advantage  was  taken  of  this  circumstance  to 
produce  other  beneficial  eflects  in  the  system? 

5  Scemmering,  Corp.  Htim*  Fab.  t  vf.  p.  5S4. .  8,  j  2U*     In 

the  paper  of  Dr.  Prout*8,  to  whicb  I  have  referred  aliovp,  we 
have  a  series  of  very  ijiteresting  observalions  on  the  uyccessive 
changes  which  the  alimentary  mass  expenences  hi  its  progress* 
along  the  iute^unal  caiml,  hoili  in  different  animals^  anU  Iu  the 
flame  kind  of  animal,  when  fed  upon  different  kinds  of  food.  It 
appears,  m  a  general  principle^  that  the  process  of  digestion  ig 
more  complete  when  animal  food  ig  employed*  hut  we  tind  that, 
in  most  cases,  the  fluids  of  the  intesiines  continue  to  coagulate 
milk,  even  as  low  down  aa  the  rectum ;  Ann.  Phil,  v,  xlii.  p.  IS 
, .  22.  I  have  already  offered  some  observations  upon  the  hy|jo» 
tlicfiis  of  Sir  Ev.  Home,  in  p.  353. 
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502  Fufietions 

There  are  two  of  the  abdominal  viscera,. kI 
£rom  their  coimexiou  with  the  stomacbi  have  been 
generally  supposed  to  be  subsen^ieut  to  the  procew 
q{  digestion ;  the  pancreas  and  the  spleen.  Tbe 
former  of  these,  both  from  its  intimate  structure,  and 
from  the  nature  of  the  secretion  which  it  furnishes, 
appears  to  be  very  similar  to  the  salivary  ghmds,  and 
its  office  has  accordingly  been  supposed  to  be  ^h&t  ff 
providing  a  quantity  of  fluid  resembling  the  saUva, 
which  may  contribute  to  the  completion  of  the  pro- 
cess of  chyhlication.^ 

The  structure  and  function  of  the  spleen  is  more 
obscme,  and  they  have  given  rise  to  many  hypotheses 
and  conjectures  which  appear  to  be  altogether  un- 
founded, wholly  unsupported  either  by  any  w^  ascer- 
tained  facts,  or  by  the  analogies  of  the  animal  atch 
nomy/  We  are  indebted  to  Sir  E»  Home,  for  what  ho 
conceives  to  be  a  more  consistent  accoimt  of  the  nature 
and  use  of  this  organ.  He  supposes  that  the  spleen 
serves  as  a  rcser\  oir  or  receptacle  for  any  fluid  that  is 
received  into  the  stomach,  more  than  what  is  suflBcknt 
for  the  purposes  of  digestion ;  that  this  excess  of  fluid 
is  not  carried  off*  by  tlie  intestines,  but  is  transmittfd 
directly  to  the  spleen  by  the  communicating  T^sd^ 
and  is  lodged  there  until  it  is  gradually  rcmoTcd, 
partly  by  the  veins  and  partly  by  the  absorbents.  He 

^  See  Santorini^s  lig,  1.  ia  tab.l3«  al«a  refereDces  in  p.5l^ 
7  See  Haller,  El.  Phys.   lib.  xx\. ;  also  Sosmmcring,  t*  ri* 
p,  H9.  et  seq«  where  the  various  uses  that  have  been  umgo^ 
to  the  ipken  by  phyiiologidU  are  eounierated  i  ihe  atitbor 

not  ofer  smy  opiuiaa  of  his  own  upon  the  lubjfctt 
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iUustxated  his  opinion  by  nutnerous  experipients  \ipon 
living  animals^  ia  whidi  coloured  kifu^ioius  were  in-^ 
jected  into  the  stomaclij  and  were  afterwards  diwo* 
yered  in  the  spleen^  while  it  appeared  that  they  hmi 
|lot  passed  through  the  absorbents  of  the  stomach**  :i 
^^  Sk  E*  Home  has  more  recently  investigated  the 
structure  of  the  sploeni  and  is  led  to  conclude,  that  it 
eOMists  entirely  of  a  congeries  of  blood-vessels  and 
abaorbents;  he  conceive^s  that  tliero  is  no  cellular 
aaembrane  interposed  between  thcni,  but  that  there 
are  interstices  which  are  fiHed  with  blood  that  exudes 
tlirough  certain  lateral  oriticeif  in  the  veins,  which  are 
rendered  pervious  when  these  vessels  are  much  dijs* 
tended.^  Notwithstanding  the  importance  which  we 
pfiXBi  attach  to  these  observations,  we  may  remark 
wnceniing  themi  that  as  the  investigation  of  the 
jntiinate  structuio  of  the  spleen  appears  to  have  been 
effected  merely  by  succcBsive  macerations,  it  may  be 
questioned  how  far  this  operation  was  the  best  adapts 
cd  for  elucidating  the  natural  state  of  the  organ. 
The  conclusion  which  is  drawn  respecting  the  func^ 
tion  of  the  spleen,  is  nearly  similar  to  the  one  referred 
4o  above,  although,  perhaps,  rather  more  vaguely  exj- 
pressed*  It  is  said  that,  *'  tlie  spleen,  from  this  me* 
chanism,  appears  to  be  a  reservoir  for  the  superabtm- 
dant  seruiu,  lymph,  globules,  soluble  mucus,  and 
colouring  matter,  carried  into  the  circulation  imme- 
diately after  the  process  of  digestion  is  completal/' 


<»  PhiL  Trans*  for  1308,  p.  45.  eiseq.  and  p.  ISS.  et  leq. 
?  rm,  Trflpsi  ik  1?2J,  Pi  86. .  42,  j>l.  S.  •  6. 


SO^  J^netioki  of  the  Spletk 

I  We  have  a  still  later  account  of  the  structure  mii 
functions  of  the  spleen  by  the  Professors  Tiedc 
and  Gmelin,  derived  from  a  series  of  exj 
which  tbey  performed  on  this  organ,  and  which  tc 
still  farther  to  elucidate  this  intricate  subject,  l^'^it 
respect  to  the  former  of  these  points*  the  aut 
conceive,  that  the  structure  of  the  spleen  esseotia 
resembles  that  of  the  lymphatic  glands,  and  that  il 
is  in  fact  to  be  regarded  as  an  appendiage  to 
absorbent  system.  Its  specific  function  is  to 
JTom  the  blood  a  fluids  which  is  of  a  reddish  cole 
and  possesses  the  property  of  coagulating,  imd  wliic 
is  carried  to  the  thoracic  ducts,  and  being  there  united 
ivith  the  chyle,  converts  it  into  blood.  Their  ojnnioB 
is  founded  upon  the  appearance  of  this  peculiar  tkai^ 
which  lias  been  se4;n  by  other  physiologists  as  weB  u 
themselves,  and  which  has  led  to  an  opiDion,  that 
has  been  pretty  generally  adopted,  that  the  spleoi 
essentially  contributes,  in  some  way  or  other,  to  the 
process  of  sanguification.  They  also  adduce  in  &vour 
of  their  doctrine  the  relation  which  the  vessels  of  the 
spleen  bear  to  each  other.  The  artery  is  unusuaUy 
large,  so  as  to  render  it  probable,  that  it  must  serf© 
€ome  purpose  besides  the  mere  nutrition  of  the  psrt| 
while  we  have,  at  the  same  time,  an  extraordinary 
number  of  lymphatic  vessels.  Hence  it  is  infenred,  that 
the  great  quantity  of  arterial  blood  which  is  mmt  tt 
the  spleen,  must  have  some  immediate  connesuoQ 
with  the  numerous  lymphatics  that  pass  off  from  it; 
and  they  accordingly  found,  agreeably  to  the  ofascr* 
vations  of  preceding  anatomists^  that  injectknt  of 
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faiiom  Ikindfl  are  readily  transmitted  from  tlie 
branches  of  the  splenic  artery  to  the  lymphatic  ves- 
fielfit  showing  an  actual  communication  between  the 
arterial  and  absorbent  systems/  There  is  undoubt- 
edly much  valuable  information  contained  in  the 
researches  of  the  Professors  Tiedemaim  and  Gmelin, 
and  it  is  impossible  not  to  admit  that  their  opinions 
evince  an  accurate  acquaintance  with  the  operations 
of  the  animal  ceconomy.  But  their  hypothesis  ap* 
pears  to  me  to  be  obnoxious  to  one  fatal  objection, 
that  animals  have  been  known  to  live  for  an  inde- 
finite length  of  time,  after  the  removal  of  the  spleen> 
without  any  obvious  injury  to  any  of  their  func- 
tiongy^  which  could  not  have  been  the  case,  if  the 
spleen  had  been  essentially  necessary  for  so  important 
an  operation  as  that  of  chylification.  It  would  seem 
from  this  circumstance,  that  the  office  of  the  spleen 
must  be  something  of  a  supplementary  or  vicareous 
nature  only,  which,  although  occasionally  useful,  is  not 
at  all  times  essentially  necessary  to  our  existence. 

It  has  been  made  a  subject  of  inquiry,  whether  by 
the  conversion  of  aliment  into  chyle  it  is  rendered 
soluble  in  water,  because  it  has  been  supposed  that 

1  E(]»  Med.  Jo  urn.  v.  xviii.  p.  2&i«  et  seq>  I  must  acknow- 
ledge my  obligatioEiJi  to  tbe  edilors  of  this  work,  Tor  the  valuable 
ana)  y  sen  which  it  frequently  contains  of  thelaboyrs  of  the  German 
pbysiologisti* 

^  Baillie  remarks  that  the  spleen  Is  occasionally  wanting,  and 
lias  been  removed  without  apparent  injury  ;  Morb.  Anat.  p.  260, 
1  ;  Works  by  Wardrop,  v.  lu  p.  235.  I  copsider  it  quite  super- 
fliioilg  to  adduce  any  additional  proofs  of  any  fact  which  ii 
eUDCtioned  by  ta  high  an  authority*  .    -^ 
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no  Bubstane^  could  enter  the  lacteab  unless  in  n  state 
pf  complete  solutiont  Arguing  fi:om  tlie  cbemiMl 
nature  of  chyle,  as  examined  out  of  the  body,  irs 
must  conclude  that  it  is  not  absolutely  solttbk«  al- 
though reduced  to  that  state  of  niinute  divudoUf 
which  renders  it  easily  diffusible  through  water,  and 
capable  of  forming  with  it  a  uniform  emulstott,  II 
ifl  not,  however,  improbable,  that  the  chyle  may  t^ 
semble  blood  In  its  rektiou  to  water,  and  that  it  mt$ 
he  soluble  in  this  fluid  while  in  tlie  ressek,  althou^ 
only  partially  so  when  removed  ftom  them. 

Another  subject  of  inquiry  has  been,  whether  mf 
part  of  the  food  which  is  received  into  the  stonHC^ 
is  taken  up  by  the  absorbent  vessels  unchaiigiili 
without  having  undergone  decomposition,  and  eAlMdi 
into  new  combinations*  To  this  I  feel  diqKMdto 
reply  in  the  negative^  It  iii  obvious  tlutt  it  must  be 
the  case  with  vegetable  food  of  all  descriptions ;.  and 
witli  respect  to  the  animal  food  employed  in  diet 
the  specific  properties  of  aU  tlie  substances  appear  ts 
be:  so  entirely  altered*  as  to  indicate  that  none  of 
them  had  escaped  the  action  of  the  gastric  juice; 
And  indeed*  were  aiy  thing  to  pass  into  the  duo* 
denimi  unchanged,  we  might  conclude,  that  the 
power  which  the  lacteals  appear  to  possess  of  absgclh 
ing  those  substances  only  which  are  perfectly 
lated,  woidd  prevent  them  firom  taking  up 
had  escaped  previous  decomposition, 

But  although  we  conceive  that  every  thing  wWd 
can  be  considered  as  properly  alimentary,  must 
completely  decomposed^  wd  euttx  iskto  new 
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relations  before  it  oau  ba  converted  into  chyle,  il^ 
appears  tliat  there  are  certain  substances  that  are 
mixed  with  the  food^  or  make  a  part  of  it,  which  pasa 
into  tke  system  without  experiencing  any  change  ;  or 
^en  if  th^j  be  iu  some  resj^ects  changed,  they  are 
not  assimilated  with  the  chyle*  This,  we  may  pre^ 
Sixnie,  is  the  case  with  the  saline  substances  that  are 
taken  into  the  stomach ;  and  it  appears  that  there  aro 
eertaiu  bodies  which  give  the  specific  odours  and 
flavours  to  various  articles,  both  of  animal  and  vege-^ 
table  origin,  which  are  taken  up  by  the  lacteals,  while 
they  still  retain  their  sensible  properties,  and  impart 
them  to  the  solids  and  fluids  of  the  animah  It  is 
well  known  that  the  specific  qualities  of  various  me* 
dicinea  are  oomraunicated  to  the  milk,  so  that  the 
milk  wiE  affect  the  child  in  the  same  manner,  ^  if 
the  substances  had  been  directly  taken  into  the  sto- 
mach ;  and  ev^y  one  is  aware  that  the  flavour  of  the 
milk,  and  of  the  flesh  of  animals  generally  is  mate-^ 
rially  influenced  by  the  nature  of  their  food.  The 
sensible  properties  of  the  plants  on  which  bees  feed, 
^re  imparted  to  their  honey ;  and  we  aie  informed  by 
naturahsts  tliat  it  sometimes  becomes  poisonous,  when 
procured  from  noxious  vegetables,  and  the  same  is 
said  to  have  been  the  case  with  the  flesh  of  birds, 
in  consequence  of  their  feeding  upon  berries  or 
seeds,  which,  although  salutary  to  them,  are  injiuious 
to  the  human  constitution.  Besides  the  substauceR 
which  pass  into  the  circulation  unchanged,  there 
are  certain  bodies,  which,  although  not  completely 
assimilated  with  (h^  ^hylf;^  yet  ^Qm  to  bcpaitiaUx 
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decomposed,  so  as  to  acquire  new  sensible  piopertie^ 
wlricli  they  impart  to  the  solids  or  fluids  of  the  ani- 
mal. Turpentine  presents  us  with  a  remarkable  ex- 
aitiple  of  this  kind,  which,  when  taken  into  the 
stomachy  imparts  to  the  urine  an  odour  exactly  re- 
sembling that  of  violets.^ 

In  the  last  chapter  I  offered  some  remarks  upon 
the  tarious  salts  which  are  found  in  the  blood,  and  I 
discussed  the  question  w'h  ether  we  are  able  to  aeeouot 
for  the  quantity  which  exists  in  the  different  sohds 
and  fluids,  by  supposing  them  to  be  introduced  along 
with  the  food.  The  facts  of  which  we  are  in  posses* 
sioui  would  lead  us  to  the  conclusion^  that  the  qnan^ 
tity  of  these  earths  or  salts  that  are  introduced  into 
the  stomach  ab  extra,  is  not  sufficient  to  supply  the 
demands  of  the  system,  but  that  they  must,  in  some 
way  or  other,  be  generated  by  the  vital  powers*  Our 
next  inquiry  will  be,  by  what  powers,  or  in  w^hat  part 
of  the  system,  are  they  produced ;  they  may  either  be 
formed  by  the  digestive  organs,  during  the  process  of 
chytnification  or  chyliflcation,or  by  a  process  more  ana- 
logous to  secretion,  by  an  organ  or  organs  expressly 
appropriated  to  the  puq^ose.     The  difficullies  which 

^  Fordyce  states  that  indigo  and  rausk  are  both  tali;^!!  up  by 
the  kcteals,  so  fiir  retaining  their  previous  properties,  ai  ibn 
the  tbrmer  posse^SiCii  lU  Bpecilic  eolour,  and  tlie  latter  if  t  peculiar 
odour;  On  Digest,  p.  1^.  This  power  is,  however,  liniCidlp 
certain  substanceiiy  white  others^  altlioagh  equally  expotod  In 
|he  action  oftlia  lactcals,  are  incapable  ofenteruig  lbeni«  thoK 
vessels  thus  exercising  what  appears  to  be  a  kiad  of  selediim; 
p,  125;  but  upon  this  subject  1  shall  have  accasicm  la  oftf 
mme  further  obserration  in  tbe  nexl  chapter. 
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exist  upon  both  these  suppositions  are  very  great; 
we  can  ijideed  form  no  conception  of  the  nature  of  the 
operation  in  either  case,  and  it  is  only  in  consequence 
of  thd  necessity  that  there  is  of  attempting  some  ex- 
planation, that  we  have  recourse  to  them.  The  suh* 
ject  is  again  introdoced  into  this  place  for  the  pur- 
pose of  inquiring  whether  there  be  any  grounds  of 
preference  between  these  two  opinions,  and  we  may 
go  so  far  as  to  remark,  that  if  we  find  in  the  chyle  all 
the  salts  that  exist,  in  any  of  the  constituents  of  the 
body,  we  must  conclude  that  they  are  produced  in 
the  process  of  digestion,  and  afterwards  merely  sepa- 
rated from  the  blood;  a  conclusion  to  which  the  results 
of  our  experiments  would  seem  to  lead  us.  The  wholq 
subject  is,  however,  one  that  is  so  extremely  obscure^ 
and  of  such  difficult  solution^  that  I  do  not  think  it 
desirable  to  enter  more  particularly  into  the  consider* 
ation  of  it,  until  we  arc  in  jjossession  of  a  more  firm 
babis  of  tacts,  on  which  to  build  our  hypotheses. 

-  ^4  Theory  of  Digestion.  ^ 

.^  There  are  few  subjects  in  physiology  that  have 
afforded  a  more  fruitful  subject  for  speculation  than 
the  theory  of  digestion,  for  in  this,  as  in  other  parts 
of  the  science,  we  may  remark,  that  the  more  obscure 
is  the  subject,  and  the  less  real  information  we  possess 
concerning  it,  the  more  numerous  have  been  the  at- 
tempts to  frame  hypotheses  to  account  for  it*  The 
opinion  proposed  by  Hippocrates,  and  adopted  by 
Galen  and  the  ancients  generally  was,  that  the  alii 
mcnt  is  digested  by  what  is  termed  concoction.    But 
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tWs  k  to  !>6  considered  tether  as  anotJicif  W>r3 
pressivc  of  the  action,  than  as  any  explanation 
It  is^  indeed,  synonymous  with  the  term 
and  derived  from  the  same  analogy  of  the  chi 
which  substances  undergo,  when  they  are  exposed 
a  certain  degree  of  temperature  in  close  vessels.* 
-"  The  next  hypothesis  was  that  of  pntrcfaction,  a 
hypothesis  which  was  maintained  by  some  of  tin 
earlier  chemists,  and  was  supported  by  various  dbatt* 
rations,  and  even  experiitients,  that  were  supposed  ti 
be  favourable  to  it.  The  food,  when  it  4s  received 
into  the  stomach,  was  observed  to  have  its  fcejthDrt 
broken  down,  and  to  have  acquired  an  trnpleassnt 
odour,  which  tlie  older  physiologists,  according  to  tW 
loose  mode  of  reasoning  which  they  employed,  f^aidrf 
as  a  species  of  iratrcfaction.  It  is  a  suffident  refiits- 
tion  of  this  hypothesis  t<y  remark,  that  digestion  and 
putrefaction  are  processes  of  a  totally  different  nattnfi^ 

*  See  Boerhaare,  Proelect.  not.  ad.  4  ^*  ^*  i*  p*  156,  160; 
Blumenbach,  InsU  Phyi.  ^  S60.  p.  202.     By  the  following  pa** 
sage  in  Celsus,  it  appears  that  the  hypothesis  of  aitritioa  mi 
of  putrefactiont  ^^^  ^^o  their  defenders  irniong  the  ancienti ; 
**  Duc^i  ftHi,  Ktiillrato,  atted  cibum  in  rentre  cont<«ncltiiTt 
nistontco  Pnncag#riD  discipulo,  putrescere :  alii  credunf 
pocrati»  per  caJorem  cibus  concoqui*"  Praef.  p,  6.  §  10, 
fitudeat,  who  is  disposed  to  make  himsetf  acquainted  with 
doctrines  of  the  earlier  physiologists  on  the  subject  of  concoctiaDr 
a  process  wrhich  was  supposed  to  be  concerned  in  other  fttoctioat 
besides  that  of  dlgestioiit  may  consult  the  treatise  of  BeRnii 
Physiol,  lib*  6.  c  6,   **  de  concoctionibus."     Femol  wsa 
tlie  lirst  of  the  moderns  who  wrote  from  his  own 
and  who  exercised  his  own  judgment  oa  subjects  of  gh 
and  pathology. 
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imcl  tBat  no  far  from  their  Imymg  any  contiexioii  mih 
each  other,  one  of  the  first  effects  of  the  gastric  juice 
18  to  resist  putrefaction,  or  even  to  suspend  it,  if  ife 
has  actually  commenced.^  ^ 

The  mechanical  physiologists  endeavoured  to  aci- 
count  for  all  the  phenomeBa  of  digestion  hy  tritura- 
tion, and  they  perfortned  many  curious  experiments 
in  proof  of  their  opinion  on  those  animals  which  are 
5«d  to  possess  muscular  stomachs.  But  although 
the  facts  were  correctly  stated,  the  conclusions  which 
were  deduced  from  them  were  inaccurate  in  two  r^- 
«pects.  In  the  first  place,  they  extended  to  all  classes 
of  animals  an  action  which  belongs  to  certain  species 
bnly^  aud  secondly,  in  considering  the  trituration  of 
the  muscular  stomach  as  analogous  to  the  process  of 
chymification  in  membranous  stomachs.  I  have  al^ 
ready  stated,  that  the  operation  of  the  gizzard  is  en- 
tirely mechanical,  and  is  equivalent  to  the  teeth  of 

•*  *  This  hypothesis  has  had  its  advocates  even  in  modern  times;  l 

Cheselden,  Anat.  p,  155^  says  **  digestion  is  no  other  than  cor-  J 

rtipti on  or  putrefaction  of  our  food."    It  would  appear  to  have 

been  invented  by  PJistonicus,  of  whom  nothing  more  is  Icnowii  ' 

than  that  he  was  the  author  of  this  hypothesis;  see  Cehus,  ut 

supra^  and  Le  Clcrci  Hist*  de  la  Med.  part.  2.  liv.  L  i;.  8^ 

p.  S9S,  7*    The  hypotheses  of  Pringle  and  RfBride,  altboug!^  ij 

lioramally  founded  upon  fermentation,  ought  really  to  be  re-  " 

ferred  to  putrefaction.    M*Bride  and  moat  of  his  contemporaries 

thought  that  the  saliva  was  an  active  promoter  of  this  decooi-*  i 

position.   Essays^  p.  16,  7 :    whereas   Prlngle's   experiments ;  | 

Appendix,   p.  362;   led   him  to  conclude  that   saliva  resists 

this  process.    With  respect  to  the  gfutric  juice,  the  fact  appears 

to  be  that  it  is  decidedly  antiseptic ;  Stevens^  c.  9i  Spallanzani|  I 

Exp€r.§219»,259- 
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quadrupeds ;  the  food  is  then  brought  mto  the  sane 
;&tate  as  it  is  by  mastication,  and  ha&  still  to  undergo 
the  action  of  tlie  proper  digesting  stomach.  If  direct 
facts  were  wanting  to  confirm  this  opinion,  they  are 
abundantly  funiished  by  the  experiments  of  Stevens 
and  Spallan^ani,  as  they  prove  that  cliymificstiim  is 
effected  under  circumstances  in  which  trituratimi 
could  not  possibly  operate.^ 

In  opposition  to  the  mechanical  doctrine  of  tritu* 
ration,  an  opinion  was  advanced  by  the  eaf  lier  ch^^^ 
mists,  that  the  action  of  the  stomach  consisted  in  t'n 
species  of  fermentation.     This  h)^othesis  appears  to 

^  Phyiiological  ipeculation  was,  perhaps,  never  carried  to  i 
greater  excess  than  by  Pitcairn,  in  the  estimate  wtiicK  hemtkei 
of  the  mechanical  force  which  the  stoEnach  exercises  in  dIgestlaiL 
AAer  employing  much  learned  and  abstruse  discuAsioii  ta 
that  no  other  power  is  competent  to  produce  the  requisite 
upon  the  alimenti  he  calculates  that  the  power  of  the  muscuUr 
fibres  of  the  stomach  is  equal  to  1^,951  lbs. ;  Dissert,  p.  7^. .  95 ; 
also  £Jem.  c.  5.  p*  25. .  7 ;  see  the  obserraijons  of  Chese^det^ 
Anat,  p,  152*  *  5 ;  also  of  HaleSi  who  estimates  *'  that  20  \k^ 
would  come  nearer  to  the  pressure  of  the  aliments  of  a  full  sto* 
mach;**  Statical  Essays,  v.  li.  p.  174,  5, 

Haller  very  explicitly  states  the  impossibility  of  liilitrftlion 
being  dfected  by  a  membranous  stomach  ;  £1.  Fhys*  six,  S,  1 ; 
yet  he  scarcely  draws  a  sufficiently  accurate  line  of  distioctioii 
between  the  mechanical  and  chemical  action  of  thin  organ*  It 
is  amusing  to  obscrre  the  learned  and  laboured  arguments  whidi 
Fordyce  thought  it  necessary  to  adduce  in  order  ta  prove  tint 
minute  mechanical  division  alone  cannot  alter  the  cbeimcal 
tiature  of  a  substance  ;  On  Digest,  p.  124^ .  158.  See  remarks  se 
trituration  hy  Stevens,  De  Alim.  Concoct*  cspw  10;  also 
fiicherand,  El.  Phy**.  f  18.  p.  100. .  2. 


r 


Hypothesis  of  Femi^itation*' 


I 


have  hem  originally  suggested  by  Vanhelmoflt,^  and 
was,  at  one  period,  embracetl  by  the  most  celebrated 
pbysiologists  of  the  age,**     Iii  order  to  estimate  the 

7  The  account  whicli  this  singular  writer  gives  of  ihe  action 
of  the  stomach  upon  the  aliment,  Is  contained  in  his  treatise  en- 
titledf  **  Sextuplex  Digestio  Alimenti  Humani."  According*!© 
Im  doctrine,  all  the  changes  which  the  components  of  the  body 
ea&periencet  in  the  different  abdominal  viscera,  are  to  be  ascribed 
to  a  series  of  fermentations  j  of  these  there  are  supposed  to  be 
six,  the  first  being  the  conversion  of  aliment  by  the  stomach, 
"  in  cremorem,  plane  djaphonum  in  cavo  stomachi.*'  He  goef 
on  to  observe,  "  Jl  ddo*  id  fieri  vi  ferraenti  primi,  mamfesti  a  liene 
tnutuati/^  Vanhclmont,  although  a  man  of  considerable  acute- 
lieia  and  infomiation,  partook  largely  of  the  arrogance  which 
IS  to  characteristic  of  his  sect  The  first  paragraph  of  the  above 
treatise  is  entitled,  **  Misera  Galenicortim  jactura/*  (a  censure 
which  would  apply  with  far  more  justice  to  the  chemists)  and 
lie  begins  by  accusing  Galen  himself  of  having  described  parts 
which  he  never  saw,  and  of  writing  without  any  knowledgCj  or 
any  attempt  to  investigate  the  truth  ;  Ortus  Med.  p.  1 67. 

*  Among  the  physiologists  of  eminence,  during  the  last  and 
preceding  centyries,  who  have  attributed  the  digestive  proceaa 
to  fermentation,  I  may  mention  the  names  of' Sylvius,  Dissert, 
^ed.  L  et  prax,  Med.  lib.  7.  C»  7  ;  Willis,  De  Ferment.  C.  1 . 
p,  17;  Boyle,  Works,  v.  ii,  p.  622;  Grew,  Comp.  Anat  &c* 
p,26;  CliaTleton,  CEcon.Anim,  Exerc.  2,  de  chyUf, ;  and  Lowjer, 
pe  Cord.  p«  201%  Boerhanve^s  opinion  was,  that  a  commence- 
ment only  of  fermentation  is  excited  by  the  gastric  juice, 
Ereelect,  t.  i.  ^  78,  87 ;  and  the  sanie  appears  to  be  the  case 
witli  HaOer,  Prim.  Lin,  Sect.  24.  and  EL  Phys.  xix.  5.  2,  Parr 
inclines  to  the  same  doctrine;  Diet.  **  Digestion."  The  objec- 
tions to  the  doctrine,  according  to  the  opinion  that  was  enter- 
tained at  the  time  respecting  the  nature  of  fermentation,  are 
well  stated  by  Slevens,  De  Alim.  concpct.  C.  11.  Spallanzani 
devotes  his  sixth  dissertation  to  the  in(iairy»  whether  fermenta- 
ticm  is  a  necessary  part  of  tlie  process  of  digestion^  which  he 
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Taltic  of  their  hypothesis,  we  must  bear  in  mind,  that 
they  employed  the  term  fennentation  to  express  any 
change  which  a  hody  experiences  in  its  mechanical  or 
chemical  properties,  cither  hy  the  action  of  its  consti* 
tuents  upon  each  other,  or  by  the  addition  of  a  foreigD 
substance,    in  consequence  of   which   the   clemeats    | 
of  the  body   were  made  to  enter  into  new  wuH* 
nations.     Various  species  of  fermentations  were  sup* 
posed  to  exist,  and  a  number  of  the  most  importaat    I 
changes,  especially  of  those  that  occur  among  organ- 
ized bodies,  were  supposed  to  be  produced  by  thii 
kind  of  operation*    The  correctness  of  this  h>-potbifiu 
must  depend  very  much  upon  the  exact  sense  flV 
which  the  term  is  employed,  for  it  must  be  admitted, 
thftt  according  to  the  mode  in  which  it  was  u^  by 
the  older  writers,  the  cliange  produced  upon  the  ali- 
ment by  the  stomach,  appears  to  fulfil  all  the  condiiioQi 
that  were  supposed  to  be  requisite  to  fermentation- 

The  hj^othcsis  of  chemical  solution,  which  is 
aiderably  analogous  to  that  of  fennentation,  was 
lired  from  the  experiments  which  have  be^i  so 
quently  referred  to,  on  the  eflFect  of  the  gastric  jiiill 
upon  the  aliment  talen  into  the  stomach*  which  wii 
supposed  to  be  similar  to  that  of  a  chemical  eolvcikt.^ 

decides  in  tbc  negative ;  he,  however,  conceives  tbat  tlie  lb* 
sence  of  any  gaseous  product  is  a  sufficient  proof  of  Ihe  DOfr* 
exiBtence  of  fermeotation,  as  Pringle  and  M*  Bride  tboit^  tfttt 
its  preseoce  was  a  sufficient  indicalion  of  that  proceis. 

9  It  may  not  be  uninteresting  to  oWrvc  the  u  'n  whid 

Grew's  opinioa  on  tliis  subject  corresponds  n.:  Tuodfiff 

doctrines;  he  pid>Hshed  his  lectures  in  1681.  '^  By  tbcjo^ 
assistance  of  the  glandulous  and  the  iiervoui  tneinbrftoef*  tbr 
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In  describing  the  successive  changes  which  the  food 
undergoes  after  it  is  received  into  the  stomach,  I  have 
had  occasion  to  remark  upon  the  facts  that  have  been 
adduced  in  favour  of  this  doctrine,  and  upon  the 
objections  that  have  been  urged  against  it.  We  ap- 
pear to  have  sufficient  evidence  to  prove  that  the 
stonrach  secretes  a  peculiar  fluid,  which  acts  chemi- 
cally upon  the  aliment^  and  that  nothing  farther  is 
necessary  to  produce  this  action  than  to  bring  the 
substances  into  contact.'  That  this  is  a  case  of  mere 
chemical  action,  is  especially  proved  by  the  expe- 
Timente  of  Stevens;^  and  still  more  of  Spallanzani, 
where  he  produced  a  similar  change  out  of  the  body,  by 
gastric  juice  procured  from  the  stomach,'*  and  also  by 
the  action  of  reneet  upon  milk*     To  a  certain  extent 


bu&beE^  of  ehyjiftcation  seems  to  be  performed.  The  mucous 
excrement  of  the  bJood  being  supplied  by  ibc  former,  as  ao 
aaimal  corrosive  preparing ;  and  the  excrement  of  the  oenroi 
by  the  latter,  as  an  animal  ferment,  perfecting  the  work  ;**  Ubi 
supra,  p*  26- 

»  Reaumur,  in  two  papers  in  Mem.  Acad,  pour  1752,  ^^WS. 
«ts€q.  and  p*  ^61.  et  seq*  contrasta  the  process  of  digestioti  in 
birds  with  muscukr  and  with  membranous  stomachs^  in  the  lirit 
of  which  the  great  agent  is  supposed  to  be  of  a  mechanicaJi  and 
in  the  second  of  a  chemical  nature.  He  had  considerable  merit 
in  pointing  out  this  distinction,  but  he  was  not  fully  aware  of 
the  difference  of  mere  trituration  and  of  proper  digestion*  Reau-' 
iDur's  experiments  were  repeated  and  much  extended  by  Spal- 
lans&ani.  See  also  Blumenbach,  Insi,  Physiol*  §  358, 9 ;  Monro 
Tert.  Elem*  v.i.  p.53i2. 

^  De  AJim.  Concoct*  i  24,  5. 

t  Experiences  Dissert.  2*  §  85.  el  seq.  Dtsaert.  4*  (  H%  0. 
186.    Dissert.  5.  4  21&  et  alibi. 
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these  experiments  may  be  considered  as  cstablishii^ 
the  fact ;  yet  the  hypothesis  is  still  encumbered  wth 
serious  difficulties.  Not  to  insist  upon  the  objectioDt 
that  it  only  explains  one  part  of  the  process*  the 
formation  of  chymcj  it  must  be  confessed,  as  I  hare 
remarked  above,  that  it  is  not  easy  to  conceive  how 
all  the  various  articles  that  are  t«ken  into  the  sto* 
mach  can  be  converted  into  a  substance  of  the  same, 
or  nearly  the  same  consistence,  and  this  by  an  «gcirt 
apparently  so  little  active  as  the  gastric  juice. 

In  consequence  of  these  objections,  and  of  the  dilfi. 
culty  which  there  seemed  to  be  in  accounting  for 
digestion,  either  upon  mechanical  or  chemical  prin- 
ciples, many  of  the  most  eminent  among  the  modem 
physiologists  have  ascribed  it  to  the  direct  agency  of 
the  vital  principle.  It  is  said  that  the  interior  gnr- 
face  of  the  stomach  is  endowed  mth  a  s^iecifie  pio- 
perty,  unlike  any  other  that  exists  in  nature,  vthkh 
belongs  to  it  as  a  living  substance,  and  which  enables 
it  to  digest  the  food.  In  proof  of  this  position  the 
curious  fact  is  adduced  which  was  observed  by  Hunter, 
that  in  some  cases  of  sudden  death,  the  gtoinach  itsdf 
is  partially  digestetl  by  thf?  gastric  juice  which  hid 
been  previously  secreted/     A  fact  of  a  ^milar  kind 

*  Hunter's  original  observations  are  coDtained  in  Hit  ptper  ia 
the  Phil,  Trans,  for  1772,  p,  447*  et  eeq.;  ibcj  were  aflentftrds 
given  in  an  enlarged  form  in  his  Observ.  on  the  Anini.  CEcoa 
p.  226. .  1  J  see  Bailie*a  Morb.  Anat.  Ch.  7*  p.  Ii8,  9 ;  Worb  by 
Wartlrop,  v.  i*u  p-  1:56,7.  Eng.  to  Morb-  Anal,  fmc.  S,  pl*7 
^g.  2.  In  the  1st  vol  of  the  Trans,  of  the  Cdmburgh  Med.  asd 
Chir,  Soc  p*  31 L  et  seq.  we  have  a  very  valuabte  paper  bf 
Dr  Gardner,  on  eroskions  and  perfarations  of  the] 
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li  stated  with  regard  to  certain  species  of  vermes, 
that  are  occasionally  found  in  the  stomachs  of  ani- 
mals, and  which,  as  long  as  they  remain  alive,  are 
not  acted  upon  by  the  gastric  juice,  although  after 
death  it  affects  them  as  it  does  any  other  organized 
subfttance* 

These  facts  are  very  curious  and  important, 
and  they  clearly  prove  that  there  is  a  difference 
m  the  mechanical  and  chemical  relations  of  living 
and  dead  matter,  a  difference  which,  I  fully  admit, 
we  are  not  able  to  explain  or  account  for.  It 
-  is  the  same  kind  of  difficulty  which  occurs  with 
I  regard  to  the  contractile  and  sensitive  functions  of 
the  muscles  and  the  nerves,  that  they  arc  both  of 
them  totally  destroyed  by  the  extinction  of  life,  al- 
though for  some  time  afterwards,  neither  of  these 
organs  seem  to  have  undergone  any  alteration,  either 
in  their  chemical  or  physical  properties.  In  this,  as 
in  the  other  analogous  cases,  the  doctrine  of  the 
animists  proceeds  upon  the  principle,  that  no  modi- 
fication of  the  laws  of  chemistr)''  or  laechanics  can 
account  for  the  phenomena,  and  that  it  is  couse* 
quently  necessary  to  assume  the  existence  of  some 
new  agent  to  meet  the  emergency.  But  I  uKiy  re- 
mark, as  I  Iiave  done  on  former  occasions,  that  hy 
thig  proceeding  w^e  throw  no  new  light  upon  the 
difficulty,  and  that  in  reality,  we  are  only  employing 

^  canaJ,  in  which  the  author  gives  us  an  account  of  some  cases 
tl^at  had  falleu  undt^r  bbown  observation,  as  well  as  a  collectlou 

I  of  the  observations  of  others.    In  Beck's  Med.  Juris,  by  DuDlop, 
p.  376.  *  380.  we  have  many  references  and  good  remarks. 
^ 


^ 
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a  different  expression  to  annotmce  the  fact,  a^d  am 
'  which  is  less  simple  and  iutelligihlo.  With  i^tpect 
to  the  particular  case  under  consideration,  our  knoii* 
ledge  of  the  process  is,  in  nnany  respectSj  extxemelj 
incomplete ;  we  have  only  an  imperfect  acquaintanci 
with  the  successive  steps  of  the  operation,  and  we  arei 
in  a  great  raeasiu-e,  ignorant  of  the  nature  of  the 
agents  by  which  it  is  effected ;  nothing  therefore  can 
be  more  incorrect  than  thus  prematurely  to  attonpt 
to  establish  general  principles  before  we  um 
roughly  acquainted  with  the  facts  on  which 
profess  to  be  founded. 

This  is  essentially  tlie  hypothesis  which  is  lai 
tained  byFordyce  in  his  elaborate  treatise.  He ; 
that  aliment,  when  it  is  converted  mto  cbyl^  i 
goes  a  complete  change  in  its  elementary  constituttott* 
and  he  admits  that  the  gastric  juice  is  a  cbemic 
agent,  but  he  contends  that  the  nature  of  the  actiq 
is  totally  unlike  what  takes  place  in  any  otiier  • 
mical  process,   and   that  it  is  therefore  neces 
connected  with  the  vitahty  of  the  stomach.    TJj 
anomaly  on  which  he  particularly  insists  is,  that  I 
adding  the  same  agent,  the  gastric  juic€,  to  va 
kinds  of  aliments,  we  liave  always  the  same  prodi 
as  he  maintains  that  tlie  chyle  of  caraivorous  is 
fecily  similar  to  that  of  herbivorous  animals.    But  i 
order  to  prove  the  point  which  he  wishes  to 
he  ought  to  show  not  only  that  the  chyle,  but 
the  faeces  also,  are  similar.    He  further  conmves 
it  is  inconsistent  with  the  principles  of  chc 
action  to  suppose^  that  a  single  menstruum  mi  i 
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wtii  R  single  principle,  as,  for  example,  farina,  the 
three  bodi^  which  constitute  chyle.  He  Ukewisa 
asserts  that  chyle  cannot  be  formed  out  of  the  body, 
and  diat  if  aliment  be  placed  in  a  dead  stomach  it 
fnil  not  nndeigo  the  same  changes  as  in  a  living 
fitomach,  although  they  are  both  kept  at  the  same 
temperature.^ 

,m  Somewhat  allied  to  the  hypothesis  of  the  animists, 
although  much  less  vague  and  mdcterniinate,  is  tho 
doctrine  which  has  been  lately  advanced,  that  diges- 
tion is  essentially  a  nervous  function,  or  one  that 
depends  upon  the  immediate  and  direct  agency  of 
th^  nervous  system.  A  number  of  well  known  oc- 
cvrrences,  not  only  in  pathology,  but  in  the  ordinary 
9i:tions  of  the  animal  o^onomy,  prove  to  us  that  the 

^ powers  of  tlie  stomacli  are  intimately  connected  with 
the  nervous  system.**  And  indeed  we  might  conclude 
.  i  On  Digestion,  p.  139. .  U6,  17L 
^  It  IS  unnecessary  to  adduce  particular  examples  of  the  con- 
nexion between  Ihe  fitate  of  the  nervous  system  generally,  and 
the  action  of  the  digestive  organs,  as  they  must  be  suiHciently 
obvious  to  every  one,  from  tiie  reault  of  his  own  experience.  This, 
Jiowever,  as  I  have  had  occasion  to  remark  oa  various  occasions, 
proves  no  more*  than  that  the  nerves  are  the  media  by  which  the 
dilferent  parts  of  the  system  are  connected  together*  Grief, 
and  the  other  depressing  passions,  act  upon  the  circulating 
vystemt  and  perhaps  also  tVom  other  cauaes^  the  secretions  are 
diminished*  and  that  of  the  gaa trie  J  uiqe  among  the  rest*  At  the 
fiame  time  the  nervous  system  becomes  less  sensitive,  therefore 
tho  feeling  of  hunger  ta  less  feltj  and  consequently  we  are  lesa 
disposed  to  take  the  proper  quantity  of  niuriment.  Hartley 
•upposeti  that  '*  the  stomach  is  particularly  affected  in  grief;*' 
Qu  Mm$  V*  I  p«  189  i  aa  opiuiaa  wMdi  reoeivea  some  coaote* 
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that  this  would  be  the  case,  by  an  inspection  of  the 
anatomical  structure  of  this  ai^aii,  a^  it  cannbl  be 
doubted  that  sonie  useftil  purpose  must  be  served  by 
the  variety  and  number  of  the  nerves  with  which  the 
stomach  is  provided.  But  there  are  many  pinpoiH 
to  which  the  nerves  may  be  subservient,  besides  the 
digestion  of  the  food,  while,  on  the  other  hand,  il 
may  be  asserted,  that  we  can  form  no  idea  of  the 
mode  in  which  the  mere  chemical  action  of  two 
bodies  can  be  afiFected  by  the  nervous  influence*  The 
experiments,  of  which  I  have  akeady  given  an  ac* 
count,  in  which  the  digestion  was  sospended  by 
dividing  the  par  vagum,  although  by  some  emi- 
nent physiologists  they  have  been  thought  deei« 
sive  in  favour  of  the  nervous  hypothesis,  yet  even  if 
we  admit  thera  in  their  fullest  extent,  they  go  nH 
fartlier  than  to  prove  the  agency  of  the  nerves  in  the 
preparation  of  the  gastric  juice,  they  therefore  refer 
entirely  to  the  question  of  secretion,  and  as  such  bare 
been  aheady  considered  in  the  last  chapter.  Thef^  b 
indeed  one  point  of  view  in  which  we  may  regard  ihtie 
experiments  as  bearing  upon  the  subject  of  digtetMk 
It  may  be  conceived  that  the  presence  or  abs^ce 

ntmce  fmm  the  peculiarity  in  the  nerves  of  this  organ,  >ef 
flJto  the  remarks  of  Scemmering,  in  ^  17f)-  **  corviensus  venlficnir, 
cum  atiii  partibus  in  genere  ;**  he  extends  the&e  obiirviiiioM  19 
the  varioug  org&ns  ;  ^  180. .  4*  Vanhelmont's  well-knoiHi  HfMon 
thai  the  6toniach  is  the  iminediate  seat  of  the  souJ,  ar  the  CtMm 
to  which  all  the  afleclions  of  the  nervous  fi}'stetu  are  refrrrtd. 
although  ill  itself  so  palpably  ab&ard,  is  enforced  by  o  mtkriief 
iif  ingenious  and  just  observations  on  the  extensitr^  infltieoci 
which  this  organ  exercises  over  the  whole  system ;  Ortoi  Mtd* 


:* 


of  the  nervous  influence  is  the  cause  of  the  difference 
whiuh  we  observe  between  living  and  dead  matter ; 
that  perhaps  the  electricity,  which  has  been  supposed  to 
be  identical  with  the  nervous  influence,  may  operate 
BO  as  to  prevent  the  chemical  change,  which,  imder  or* 
dinary  circuniBtances,  leads  to  the  decomposition  of 
organised  bodies,  and  may  likewise  prevent  it  from 
beiiig  acted  upon  by  the  gastric  juice.  It  is  impos- 
sible to  say  that  some  effect  of  this  kind  may  not 
take  place ;  but  as  we  have  no  evidence  of  its  exist- 
ence, it  w  ould  be  premature  to  assume  it  as  tlie  basis 
of  our  hypothesis. 

From  this  re%1ew  of  tlie  various  speculations  that 
have  been  offered  to  account  for  digestion,  there  ap- 
pear to  be  two,  which  are,  to  a  certain  extent,  coun- 
tenanced by  the  phenomena,  and  whicli  show  some 
analogy  between  the  other  operations  of  nature  and 
the  effects  which  are  produced  by  the  stomach* 
These  are  the  hypotheses  of  fermentation  and  of 
chemical  solution  ;  it  remains  therefore  for  us  to 
consider,  which  of  tliese  presents  us  with  the  nearest 
resemblance  aud  the  closest  analogy  to  the  operations 
of  the  stomach.  It  is  unnecessary  to  premise  that 
both  of  these  are  to  be  referred  equally  to  the  laws 
of  chemical  affinity,  and  that  the  point  to  be  deter* 
mined  therefore  will  be,  whether  the  process  of  diges- 
tion is  merely  to  be  refened  to  chemical  action  gene- 
rally, or  whether  it  can  be  approximated  to  the  par- 
ticular case  of  fermentation. 

The  essential  difference  between  the  two  cases  may 
|)e  couccived  to  be,  that  whereas  in  what  may  be 
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strictly  tanned  chemical  solution,  we  have  two  bodiei 
that  act  upon  each  other,  and  produce  a  third  sukt 
stance,  exhibiting  new  properties;  in  fennentatioR 
this  change  is  effected  by  the  action  of  the  demen» 
tary  parts  of  a  body  upon  each  other,  either  without 
any  addition  ab  extra,  or  by  adding  a  very  imnute 
quantity  of  an  agent,  which  serves  merdy  to  esta- 
blish the  commencement  of  the  operation,  and  is 
afterwards  no  longer  necessary  to  its  eontinuance/ 


f  The  term  fennantaiion,  or  rather  the  corresponding  G 
work,  Zw/iwcric,  seems  to  have  been  originslJy  employed  to 
preis  the  ipontaneous  cliange  which  takei  place  ia  b^di^ 
tended  with  an  enlargement  or  tumefaction  of  their  £ub$tan4 
in  consequence  of  the  extrication  of  some  volatile  matter 
vapour*  See  Castelli,  "  fermentatio/'  Vanhelmont  k  said  to 
Ittve  been  the  firit  among  the  moderns,  who  used  tlie  word  fer* 
il^tationj  applying  it  to  the  change  whioh  dough  expericnCBl 
in  forming  wheaten  bread.  See  Stahl,  Fund*  Chjin,  Dof* 
Jlat*  et  Escper.,  Pars  2.  Sect.  4-.  ^  2.  At  one  time  it  was  eoh 
ployed  in  a  vague  and  general  way  to  designate  almost  every 
chemical  change  to  which  a  compound  body  is  liable  ;  see 
pageS90:  but  it  has  been  of  kte  restricted  nearly  in  the 
stated  in  the  text.  Siilli  however,  the  most  correct 
Uie  modern  chemists  are  not  entirely  agreed  as  to  the  nature 
of  tlie  processes  which  ought  to  be  classed  among  the  fer* 
mentalive,  and  they  consequently  dlSer  in  the  number  of  tllC 
species  of  fermentations  which  are  supposed  to  eiiist.  Slltf 
appears  to  have  contributed  to  produce  a  more  conreol  idii  of 
the  operation^  by  contining  it  to  a  spontaneoua  diaiki^  amom 
the  constituents  of  a  body»  or  one  which  wa&  brought  abeut 
without  the  addition  of  any  foreign  ingredient.  Ubi  supiaii 
§  3  ;  also  Fund.  Chym.  Dog.  et  Exp.  Art.  S*  Cap,  2,  §  2,  H« 
supposes  that  it  may  exist  not  only  in  vegetable  add  amiiialf  but 
alfo  in  mineral  lubataaces.    The  later  ^eoAJ^ta  to 
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Tlw  species  of  fermentation  with  which  we  are  the 
most  familiar  is  the  vinous,  hy  which  a  solutioa  of 
iQucilage  and  sugar  is  converted  into  carhonic  acid 
and  alcohol.  These  substances  are  produced  hy  a 
mutual  interchange  which  takes  place  between  tho 
elements  of  the  substances  contained  in  the  solution^ 
but  the  effect  is  considerably  promoted  by  the  addi* 
tion  of  a  portion  of  yeast,  which  is  the  result  of  a 
previous  fermentation,    and    which  establishes  the 

restricted  it  entirely  to  vegetable  and  animal  bodies ^  and  some 
of  them,  as  Thomson^  Cham*  Vt  ir.  p»  370  j  Murray,  Chem. 
T.  iv.  p.  S91  I  and  Braode,  Man.  v«  iii.  p.  128.  ^  1855,  confine 
it  ta  the  former.  Tbo  number  rf  fermentations  generally  sup- 
poied  to  exist  are  tHree»  tlie  vinousp  the  acetous,  and  tbe  pu* 
trefactive ;  Mr*  Brande,  however,  limits  the  number  to  two, 
the  vinous  and  the  acetous,  correctly^  as  I  think,  rejecting  the 
putrefactive,  tlifs  being  rather  a  complete  decomposition  of  the 
l>ody«  than  a  conversion  of  it  into  new  definite  products. 
Thenard^  Traite^  t.  iil.  p.  471,  enumerates  four,  adding  the 
saccharine  to  the  three  former,  and  some  chemists  have  also 
Jtdmitted  the  panary,  or  tlie  fermentation  of  dough ;  Aiiin's 
Diet.  **  Bread ;  *'  I  conceive  that  there  is  a  foundation  for  both 
the  saccharine  and  the  panary.  Thenard  supposes  that  the 
panary  is  merely  a  compound  of  the  vinous  and  the  acetous, 
depending  upon  the  presence  of  farina  and  sugar  in  the  fiour. 
Vogel  has,  however,  shown  that  after  all  the  sugar  is  carefully 
removed,  wheaten  fiour  is  stilt  capable  of  fermenting ;  Journ^ 
Pharm.  t.  iU»  p.  2H ;  and  Vau<juelin  remarks  that  there  is  no  sugar 
in  the  potatoe  ;  ibid,  p»  3^0.  We  have  certainly  no  evidence  of 
tlie  existence  of  alcohol  in  fermented  bread,  and  tt  is  equally 
certain  that  the  most  peifectly  fermented  bread  is  not  necessarily 
acidt  Doma$  enumerates  no  less  than  six  fermentations^  tho 
spirituous,  the  acid,  the  putrid^  the  muriatic  or  saline,  the  sac 
cbarine,  the  panary,  and  the  *'  colorante,''  which  devdopes  tha 
principle  of  colaurs  $  Physiol,  t*  i*  ff*  dOQt  7* 
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tomideiiceitteiit  of  the  jpiooess,  and  eaiueB  it  to  ]pTo- 
Gted  with  more  rapidity.  To  which  then  of  thew 
easA  is  the  action  d  the  stomach  more  analogous 
fo  simple  solution,  or  to  fermentation  ?  Does  the 
gastric  juice  actmoi^  like  a  solvent  or  a  ferment? 
I  have  already  stated  the  objections  which  have  been 
urged  against  the  idea  of  its  acting  as  a  solvent  ;^  and 
it  has  been  objected  to  the  hypothesis  of  fendeAta^ 
iioh,  that  the  prodiictfll  d  the  action  of  the  atonucfa 
do  not  resemble  those  of  the  vinous  fermentationt  or 
of  any  other  with  which  we  are  acquainted*  But 
this  is  no  objection  to  the  hypothesis  itself  as  we 
have  no  reason  to  conclude  that  there  may  not  be 
6ther  operations,  that  are  strictly  entitled  to  the 
name  of  fermentation,  besides  those  that  are  gait^ 
rally  recognised  by  chemists.  Besides  the  vmoui 
and  the  acetous,  we  have  the  panary  fermentatiOD, 
that  takes  place  in  dough,  which  seems  certainly  en- 
titled to  the  appellation,  and  there  is  no  reason  to  con- 
clude that  others  may  not  exist. ^  There  are  several 
circumstances  in  which  I  conceive  that  digestion  1^ear» 

^  Sir  E.  Home  infomis  us,  on  the  authority  of  Sir  H.  Davy 
and  Mr.  Birande,  that  an  inflaminable  gat  l«  extricated  in  tlie 
third  stomach  of  ruminant  animals;  Phil.  Trans,  for  ]807i 
p.  163;  and  there  is  reason  to  believe,  that  the  gas  wUch  is 
evolved  during  digestion,  generally  contains  more  or  less  of 
hydrogen.  Sir  £.  Home  observesi  that  this  circumstance  esta- 
blishes a  di&rence  between  digestion  and  fermentation;  it« 
however,  only  shows  that  the  fermentation  of  the  atonach-. 
differs  from  that  of  alcohol  or  acetic  add.  See  the  analyses  of 
the  gases  in  the  di&rent  parts  of  the  human  alimentary  canal 
by  Jurine  and  Chevr^ill ;  p.490. 
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nn  analogy  to  ferraentatioo,  and  in  which  it  appears 
rather  to  resemble  this  operation,  than  what  may, 
with  greater  strictness,  be  stilcd  chemical  solution. 
1*  The  substances  possessed  of  various  properties, 
and  composed  of  elements  combined  in  different  pro* 
portions,  are  all  reduced  to  an  homogeneous  mass,  by 
the  addition  of  a  minute  quantity  of  an  extraneous 
body-  2-  The  quantity  of  the  ferment,  tlie  sub- 
stance which  is  the  immediate  agent  in  this  process, 
is  often  extremely  minute  in  proportion  to  the  effect 
which  it  lUtimately  produces.  3-  The  subjects  of 
fermentation  are  the  products  of  organization  alone* 
4,  The  process  is  frequently  deranged  or  suspended 
by  apparently  very  slight  causes^  and  such  as  would 
have  previously  apjieared  altogether  inadequate  to 
the  effect,  5,  When  the  process  is  completed,  if  the 
substsmces  are  kept  in  the  same  situation  as  at  Jirst, 
.a  new  operation  sometimes  commences,  inducing  a 
pew  fermentation,  which  terminates  in  the  produc- 
tion of  a  new  substance,  possessed  of  peculiar  and 
specific  properties  different  from  the  one  originally 
produced.  The  analogy  might  perhaps  be  extended ; 
but  I  conceive  that  enough  has  been  stated  to  prove 
that  it  exists,  and  to  show  that  in  some  remarkable 
and  even  essential  particulars,  the  process  of  diges* 
tion  resembles  that  of  fermentation,^ 

9  The  experiment  of  Pringle,  Observations,  Appendix, 
p.  3i6,  364-,  et  alibi ;  and  sliU  more  tho*e  of  M 'Bride,  Essayst 
.  N**.  1  ;  were  supposed,  at  oqe  lirne,  to  be  almost  decisivp  in  fa- 
vour of  the  doctrine  of  fermentation*  But  it  may  be  remarked 
conceroing  them,  that  they  are  Utile  applicable  to  v^^hat  tak^s 
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I  must,  lio#6f<isr,  MMrk^  thttt  6^6A  if'  ^M  IMN 
able  fully  to  establish  this  point)  it  wmdd  mly  Mm 
to  explain  one  step  in  the  operation^  the  oomTerriM 
of  aKment  into  chyme;  fiir  in  the  subsequent  ehings 
ctf  ohyme  into  chyle,  we  appear  to  have  neither  Un 
requisites  for  fermentation^  ncnr  have  we  My  of  thosk 
phenomena  which  characteriae  ohemioal  aMoiL  It 
is,  however,  perhaps  equally  difficult  to  esqilain  ihik 
change  upon  the  principle  of  mere  chemical  tolttfion^sl 
we  seem  t6  be  altogether  at  aloss  to  detennifielrf  tkhM 
agency  the  chyle  is  fbrmed,  or  separated  from  thfe 
mass  with  which  it  is  comlrin^d.  But  Ihiii  poht 
Appears  to  be  altogether  so  completely  inTohdt  ik 
obscurity^  that  it  will  probably  be  deidtalde  nil  Mb 
attempt  any  explanation  of  it,  until  ifb  have  tUqpitik 
a  more  correct  knowledge  til  the  natuie  of  the  phi^ 
nomena  themselves. 

In  the  mean  time,  I  shall  point  out  some  cirennK 
Ktances  which  it  will  be  proper  to  attend  to  in  any 
future  investigations,  or  experiments,  that  may  be 


place  in  the  stomscli,  snd  merely  ihow  ui  ia  what  ■ 
fereat  aUmeDtay  matters  art  liable  to  spoDtaaooni 
.tioD,  when  placed  under  certain  circuBuaances*  The  opiaioB 
which  they  both  of  them  entertained  on  the  subject  of  fienneD* 
tadon  was  not  sufficiently  correct ;  Pringle  made  no  disdncdoD 
between  fermentatioti  and  the  endre  destrucdon  of  a  body,  ihd 
M'Bride's  account  of  it,  although  more  precise,  is  stQI  de- 
fectire.  He  defines  it,  <*  to  mtestbe  ttotlMi,  which 
spontaneously  among  the  insensible  parts  of  a  body, 
a  new  disposidon,  and  a  difierent  combinadonof  diose  piits;? 
p.  %  In  this  definition,  as  well  as  in  Prbgle^  the  rtndts  ^ 
icsrcely  taken  into  censideradon. 
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made  upon  this  subject.    And,  in  the  first  place,  I 
conceive  it  will  be  desirable  to  examine  with  more 
minuteness  than  has  hitherto  been  done,  the  changes 
which  the  gastric  juice   produces  upon  alimentary 
matter  out  of  the  body  ;  for,  ^though  we  have  every 
reason  to  be  satisfied  with  the  diligence  and  accuracy 
of  Spallanzani,  yet  so  many  improvements  liave  taken 
place  in  the  method  of  performing  experiments,  and 
of  making  observ^ations,  since  his  time,  that  it  is  not 
uufair  to  expect  that  some  important  information 
might  be  gained  by  a  repetition  of  them.     It  would 
considerably  contribute  to  our  knowledge  tipon  the 
subject,  if  we  were  able  decidedly  to  ascertain  whether 
chyle  is  contained  in  chyme,  and,  consequently,  that 
the  office  of  the  duodenum  is  only  to  separate  it  from 
the  mass ;  or  whether  some  chemical  change  takes 
place,  by  which  it  is  actually  produced  in  this  organ. 
Could  we  prove  that  the  former  is  the  case,  it  would, 
no  doubt,  render  the  subject  less  complicated;   al- 
though still  we  might  be  unable  to  show  by  what  agent, 
or  by  what  kind  of  process,  the  separation  is  effected. 
Many  other  topics  for  consideration  might  be  suggest- 
ed, but  the  above  are  of  essential  importance  to  our 
forming  any  correct  notions  upon  the  subject ;  until 
these  points  have  been  ascertained,  we  have  no  right  to 
complain  of  the  intricacy,  or  obscm-ity  of  the  subject, 
and  to  speak  of  the  process  of  chylification  as  of  some- 
thing mysterious,   wliich   cannot  be  accounted   for 
without   attributing  to  matter  new  properties,  or 
calling  in   the  aid   of  Hew  powers  to  explain  the 
phenomena. 
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^5.  Peculiar  Affectitms  of  the  Stmnach. 

Tbere  are  certain  affections  of  the  stomach,  beside^ 
those  which  are  immediately  connected  with  ^gofr; 
tion,  which  it  will  be  necessary  for  us  to  examine; 
both  with  respect  to  the  mode  in  which  tbey  are 
produced,  and  their  ultimate  effects  upon  the  coonomy. 
Among  the  most  important  of  these  are  jthe  s^sa- 
tions  of  hunger  and  of  nausea,  and,  as  connected 
with  the  latter,  the  act  of  vomiting. 

Hunger  is  a  peculiar  perception  experienced  in  the 
stomach,  depending  upon  a  deficiency  of  food ;  whidi, 
although  it  has  been  vaguely  classed  among  the 
impressions  that  belong  to  the .  sense  of  tpnchj  is 
iessentially  different  from  it,  and  entirely  of  a  apedfic 
nature.  The  efficient  cause  of  hunger  has  been;  fre- 
quently discussed  by  physiologists,  and  it  )ia8  been 
generally  referred  either  to  a  mechanical,  or  to  a 
chemical  cause,  according  to  the  respective  tenets  of 
the  authors.  The  mechanical  physiologists  ascribed 
it  to  the  friction  of  the  sides  of  the  stomach,  or  of 
the  folds  and  projections  of  its  inner  coat  against  mch 
other;  an  hypothesis  which  is  disproved  by  tbe 
l^n^tomy  of  the  organ,  from  which  we  leam  that  this 
kind  of  friction  cannot  exist ;  as  from  the  rounded 
form  of  the  stomach,  as  well  as  ftom  its  structure  and 
composition,  it  would  seem  impossible  that  its  diffisr- 
ent  internal  parts  can  come  into  forcible  contact  with 
each  other.^     Besides,  the  feeling  of  hunger  ia.ob- 

.^    «   Haller«.ho.wevert  adopts  thu.hypoiheait.  respec^g  tlw 
proximate  cause  of  hunger,  Prim.  Lin.  §  $38;  El^-Phya,  3UI(*% 
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viotisly  of  a  specific  natuiej  and  totally  different  from 
tbe  mere  sense  of  resistance,  no  more  resembling  tliat 
which  arises  from  the  pressure  of  a  hard  body  upon  the 
skin,  that  the  sense  of  sight  does  that  of  pressure  ii]mn 
the  eyeball.  The  chemical  pliysiologists,  on  the  one 
hand,  accounted  for  the  sensation  of  hunger  by  the 
action  of  the  gastric  juice*  which,  in  consequence  of 
its  powerful  effect  upon  organiised  matter,  was  sup- 
posed to  have  a  tendency  to  corrode  the  internal 
membranes  of  the  stomach.  But  this  opinion  may 
be  considered  as  entirely  disproved  by  the  fact,  which 
was  stated  above,  that  the  solvent  power  of  the  gas* 
trie  juice  is  confined  to  dead  animal  matter,  and  is 
therefore  incapable  of  acting  upon  the  living  stomach, 
while,  at  the  same  time,  we  have  no  reason  to  suppose 
that  it  possesses  any  corrosive  properties,  similar  to 
those  of  a  chemical  acrid,  or  which  could  be  supposed 
likely  to  profluce  any  painful  impression  upon  the 
nerves  of  the  part. 

1^;  he  thinks  the  aUrition  takes  place  between  the  ridges  of 
the  nervous  coat ;  and  illuetrates  the  supposed  effect  by  the  acute 
pain  which  ia  experienced  when  friction  is  exercised  upon  any 
expoiMid  part  of  the  skin.  The  effects  produced  by  long  con* 
tinned  fasting  are  described  with  his  usual  mtnuteness  ;  Sect.  2. 
{  3. .  7*  Stenimering  ascribes  the  pain  from  long  continued  fasting 
lo  the  action  of  the  gastric  juice ;  but  it  does  not  appear  whether 
he  attributes  the  ordinary  sen^tions  of  hunger  to  this  cause; 
Corp.  Hum,  fab.  L  vi.  p.  237.  §  152.  See  also  Boerhaavc,  Prte- 
lect*  §  H8.  cum  not.  t  i.  p.  171,  et  seq*  We  have  some  good 
observatiooii  upon  the  phenomena  of  hungerj  by  M.  Mageudie  ; 
Pby^ioL  t.  ii,  p,  24.  et  seq, ;  he  refers  tlie  proximate  cause  of 
hunger  to  tbe  actiotioftbe  nervous  sybteni;  p*  30.  See  art. 
**  Digestion,"  in  Diet,  de  Scien.  Med.  p,  370.  .^. 
VOL.  II.  2  M 


5S0  Tkirtt. 

I  cbnoeive  thiait  the  only  e3tplixuitioii  we  ean-  offisr 
of  the  phenomena,  is  to  consider  hunger  as  a  spedQp 
sensation  produced  upon  the  nenres  connected  mth 
the  stomach,  in  the  same  maimer  as  the  organs  tf 
sense  have  their  appropriate  nerves,  each  of  j&m 
adapted  to  the  peculiar  perceptions  of  the  oigan,'  It 
is  not  improhable  thai  the  aiction  upon  the  ncnes 
may  be,  in  some  way,  effected  through  the  intorfew 
tion  of  the  gastric  juice^  perhaps  analogous  to  thi 
action  of  light  upon  the  retina;  but  this  sahjeci  mil 
be  consid^ed  more  fully  in  the  part  of  the  work  iriiidi 
treats  expressly  upon  the  nervous  system* 

The  sensation  of  thirst,  althougk  m>t  xeSea^  M 
the  stomach,  may  be  noticed  in  tfais*][ilace^  in  eoBse^ 
quence  of  its  connexion  mtii  the  digestive  oigaiif 
generally,  and  more  particularly  with  the  atiit^  d 
the  stomach.  It  is  seated  in  die  tongue  and  ttaauMi 
and,  in  the  natural  and  healthy  state  of  the  fubctiaoi^ 
depends  upou  the  deficiency  of  the  mucous  SQoetioiis 
of  these  parts.^  Although  it  appears  to  possess  lesi 
of  a  specific  character  than  the  sense  of  hnnger^ 
yet  it  probably  ought  to  be  regarded  as  aometiuaf 
more  than  the  mere  sensation  which  would  be  pro- 
duced by  the  mechanical  condition  of  the  part^  and  u 
a  peculiar  action  on  a  certain  set  of  nerves,  resulting 
from  the  effect  of  au  appropriate  stimulus.    Bat^ 

a  See  the  remarks  of  Scemmering,  t.  vi.  p.  2S3.  §  149,  entitled 
'*  Propria  ventriculo  sentiendi  fecultlBs  ;**  and  §  156.  *'  Famei  €t 
flitis  proprii  sensus  non  sunt.'* 

3  Haller,  Prim.  lin.  §  639;  El.  Phys.  xix.2.9;  Magendie, 
Physiol,  t.  ii.p.  31..3. 
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althoiigli  them  is  much  obscurity  concerning  tlic 
efficient  cause  of  hunger  and  thirst,  their  final  cause 
is  sufficiently  obvious  ;  they  arc  the  means  by  %^hich 
we  are  warned  of  the  necessity  for  supplying  the 
system  with  the  materials  requisite  for  its  existence. 
They  belong  to  that  class  of  actions  which  are  termed 
appetites  ;  where  an  effect,  which  is  a  compound  of  a 
physical  and  a  mental  operation,  is  connected  with  an 
evident  useful  purpose  in  the  animal  economy,  and 
which  is  brought  about  through  the  intervention 
of  the  nervous  system, 

A  variety  of  circumstances,  differing  very  much  in 
their  nature  and  operation,  agree  in  producing  a  pe- 
culiar sensation,  which  we  refer  to  the  region  of  the 
stomach,  termed  nausea.  It  is  accompanied  by  a 
general  disturbance  of  the  different  fimctions  of  the 
body,  as  well  as  a  diminution  of  the  powers  of  the 
muscular  and  nervous  systems ;  and  if  it  be  continued 
for  any  length  of  time,  it  produces  au  effort  to  vomit- 
The  act  of  vomiting  consists  iu  an  inversion  of  the 
peristaltic  motion  of  the  stomach,  beginning  at  the 
pylorus,  and  proceeding  to  the  cardia,  by  which 
the  contents  of  the  organ  arc  carried  back  into 
the  oesophagus,  and  finally  rejected  from  the 
mouth.  Although  the  action  commences  in  the 
muscular  fibres  of  the  stomacli  itself,  it  is  promoted 
by  the  co-operation  of  the  muscles  of  the  abdomen, 
and  the  diaphragm,  which,  iudeed,  contribute  very 
considerably  to  the  ultimate  mechanical  effect,  * 

4  The  question  Las  Jbcen  mucli  discussed,  how  far  the  muicles 
of  the  abdomen  and  diaphragm  co-operate  with  the  stomach 
iUelf  In  the  mechanical  act  of  vomiiing.    The  opinion  generally 
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The  immaliate  causes  of  vomiting  may  he  reduced 
to  three  classes.  1*  Any  substance  irritating  the 
stomach  itsel**,  such  as  undigested  food,  certain  stimu- 
lating medicaments,  which,  from  their  specific  action, 
have   obtained   the   name   of  emetics,    and   various 

adopted  by  the  modern  pUysfologigts  ist  that  it  originates  in  the 
stomach  itself ;  but  that,  perhaps  in  every  instance,  and  ceitataly 
in  all  violertt  eibrts,  the  neigbboyring  muscles  assist  the  muscu- 
Jar  fibres  of  the  stomach,  Haller,  EL  Fhys.  xix.  4.  12,  14.  restinf 
on  the  authority  of  Wcpfer,  De  Cicut.  Aquat.  p.  1 12.  Lieutaiid« 
Mem.  Acad,  pour  1752,  p.  223 ;  et  seq.  Sauvages*  Nos,  MetU- 1 
ii.  p.  S37y  and  others,  supposes  that  the  stomach  alone  is  compe- 
tent to  the  operation  ;  whereas  it  was  maintained  by  Chirac  and 
Duverney*  Mis,  Curios.  Dec.  ii.  ant^  4,  obs«  125.  p,  247.  8;  ind 
Mem*  Acad,  pour  1700,  histoire,  p.  27,  that  the  stomach  befN 
tirely  passive.  Hunter  also  maintained  the  same  opinioa,  tt 
least  that  the  contraclion  of  the  muscular  fibres  is  not  etieflliil 
to  the  act  of  vomitmg  ;  Aiiim.  G^con.  p.  199,0;  and  a  scriil  d 
experiments  has  been  lately  brought  forward  by  M.  Magendic, 
in  support  of  t!ie  same  opinion.  He  even  goes  so  far  as  toiUtc« 
that  when  the  stomach  was  rcmovctl,  and  a  bladder  substltuft^t 
in  its  place,  vomiting  occurred^  which  must  neces^afily  hitt 
been  eli'ected  by  the  sole  aclion  of  the  diaphragm,  and  tlie  «b* 
dominal  muscles;  Mem.  sur  le  vomissement,  p,  19,  0;  am) 
Physrol.  t.  il.  p,  138.,  0.  I  apprehend,  however,  that  the  orili* 
nary  opinion  is  the  correct  one,  that  the  action  comDiences  to  the 
stomach,  but  is  very  matcnally  promoted  by  the  part»  external 
to  tt.  The  functions  of  the  uterui<(,  bladder,  and  Ifite^tiaes,  srr 
all  favourable  to  this  opmion  ;  in  each  of  them  contractton  cvi* 
dently  begins  in  the  organ  itself.  The  effect  of  dividing  the 
par  vagum  hm  been  attduced  by  both  parties,  in  support  t^f 
their  respective  opinions  :  the  fact  appears  to  be^  that  whcotlui 
nerve  is  tlividedj  aUhough  3)ausea  ensues,  actual  vomitlnjp  do** 
not  take  pJaro,  As  ii  is  to  the  stomach  that  the  par  vagtwa  & 
especially  destined,  it  affords  a  presumption  ilmt  this  is  the  ps« 
where  the  act  commences.  We  have  some  judicio^  observiliatt 
on  the  subject  by  BcW,  iVuat.  v.  iv.  p.  51-,  et  «e<j. 
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chemical  acrids,  whieh  iijipcar  to  produce  voiiutiiig, 
rather  in  coiiseqiieuce  of  the  rioleiit  irritation  which 
they  cause,  to  wlmtevcr  part  tlicy  are  applied^  than 
of  any  specific  effect  upon  tlie  organ  itself.  2.  Certain 
imtatioiis  applied  to  various  parts  of  the  body,  more 
or  less  remote  from  the  stomach,  but  connected  with 
it,  either  by  the  intervention  of  nerves,  or  iu  some 
way  which  we  cannot  satisfactorily  explain,  although 
we  constantly  recognize  their  operation.  Among 
these  may  be  enumeratctl  certain  affections  of  the 
brain,  the  motion  of  a  vessel  at  sea, '  certain  visible 
impressions  upon  tlie  retina,  peculiar  flavours  and 
mlours,  certain  medical  agents,  when  applied  to  other 
pa;rts  of  the  body,  as  to  the  fauces,  the  rectum,  or 
even  to  the  extenial  surface,  calcidi  in  the  kidneys, 
and  hernia  of  any  part  of  the  intestinal  canaL 
3,  Mental  impressions  of  various  kinds,  depending 
altogether,  or  in  a  gicat  degree,  upon  association.  ^ 


1 


3  Darwin  refers  sea^sictcuess  to  ait  association  with  some 
affect  10 1X3  of  the  organs  of  vision,  wbich^  in  ihe  Brst  instance, 
proiloce  vertigo ;  Zoononi.  v.  u  Sect.  *2()-  But  it  may  be  objected 
L  that  sea* sickness  is  not  necessarily  prcceiled  by  vertigo»  and 
[thatbbjid  persons  are  equally  subject  to  it.  Dr,  Wpllaston  hag 
explained  the  affection  by  a  change  in  the  distribution  of  the 
hlood  ;  the  descending  motion  of  the  vessel  tending  to  cause  an 
iccumulation  of  blood  of  the  brai^i ;  PhiL  Trans,  for  ISjO* 

^  Haller,  Prim.  Lin.  §653  i  Eh  Phys,  xix.  4-.  13;  Sccmmeringp 
Corp.  Hum.  fab.  t,  vi.  p.  269.  .273.  §  178.     We  have  a  detail  of 
I  the  opinions  of  the  ear  her  physiologists  in   M.  Magendie*s  in  en 
'inoir ;  but  it  is  less  complete  than  that  given  by  Haller^  $  H, 
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CHAPTER  XI. 

OF  ABSO&PTIOK. 

.  W^.  now  am?e  at  the  last  of  the  three  funotkni^ 
ivhiqh  I  chiised  together,  as  funiiflhuig  the  matenab 
&t  the  direct  support  of  the  system,  that  of  alwoKp- 
tion ;  the  process  by  which  the  substaiices  that  serve 
for  the  growth  and  s^pport  <^  the  body-  are  canied 
into  the  blood,  and  are  assimiUted  to  this  flnid. 
Although  this  may  appear  to  be  the  pfimary,  and,  ss 
we  presume,  the  most  essential  of  the  effects  that  are 
produced  by  the  process,  there  is  also  a  fiulJier  olgeet 
which  is  brought  about  by  the  absorbent  system.  I 
have  had  occasion  to  remark,  in  various  parta  of  this 
treatise,  that  it  appears  to  be  a  general  princ!]^  in 
the  animal  economy,  that  all  the  particles  of  which 
the  body  is  composed,  bH&c  a  certain  period,  lose  the 
power  of  performing  their  appropriate  functions,  and 
that  it  consequently  becomes  necessary  to  'have  them 
replaced  by  new  matter.  It  is  by  means  of  absoqp- 
tion  that  this  exchange  of  particles  takes  place,  the 
former  constituents  being  taken  up  by  the  vessels,  and 
returned  into  the  general  circulation,  to  be  either 
discharged  or  employed  under  some  new  form, 
while  a  different  set  of  absorbents  receire  the  recent 
matter  from  the  products  of  digestion,  and  likewise 
convey  it  to  the  blood,  whence  it  is  distributed 
to  all  parts  of  the  body.    The  subjects  which  will 
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more  particularly  occupy  our  attention  iu  this  chapter, 
are:  1*  An  account  of  the  apparatus  by  tvhich  the 
process  of  ab8or|)tiou  is  effected ;  2,  The  uses  of  the 
absorbent  system ;  in  the  3d  place  we  must  consider 
the  mode  in  which  the  absorbents  act,  so  as  to  receive 
and  convey  their  contents ;  and,  in  the  last  place,  we 
must  iuqiiire  into  the  nature  of  the  connexion  which 
fiubsists  between  absorption  and  the  other  fimetions 
Qf  the  animal  economy. 

•     §  1-     Description  vf  the  Absorbent  System. 

The  absorbent  system,  by  which  I  mean  to  desig- 
nate those  organs  which  are  exclusively  employed  in 
the  performance  of  this  function,  may  be  regarded  as 
consisting  of  four  parts,  the  lacteals,  the  lymphatics,  the 
conglobate  glands,  and  the  thoracic  duct.  Althougli 
they  compose  so  essential  a  part  of  the  animal  frame, 
and  are  very  generally  distributed  to  every  organ  of 
the  body,  yet  our  acquaintance  with  them  is  compa- 
ratively of  modern  date.  It  appears  indeed  that  some 
portions  of  them  were  known  to  Galen,  but  in  a 
very  imperfect  manner  only,  while  he  was  igno- 
rant of  their  specific  use,  and  of  their  destination, 
conceiving  them  to  be  only  a  branch  of  the  sanguife- 
rous system.  Their  very  existence  seems,  after  this 
period,  to  liave  been  over-looked  or  forgotten,  until 
Eustachius  discovered  the  thoracic  duct ;  but,  although 
he  describes  its  form  and  sti-ucture  with  considerable 
I  accuracy,  he,  like  the  aucients,  had  ho  conception  of 
I    its  specific  nature,  as  forming  a  portion  of  a  great 
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system  of  vesselsr  disUniBt  from  the  aH^riMJuidjl^eiiit; 
and  only  indirectly  connected  with  them. 

It  is  to  Asdili  that  we  are  indebted  for  omr^Mqnaio^: 
tance  with  the  iacteals,  as  a  specific  a&d  diatUMt 
system^  possessing ^a  peculiar:  stmctcur^  and  Misap- 
propriate oflSce ;  a  discovery  which  he  ma{fe  in  the- 
year  1688.^  In  the  course  of  ^his  dissectiob^  lie  oIk 
served  a  series  of  vessels,  unconnected  with  the  nkb^ 
ries  and  veins,  dispersed  over  the  mesentefy  of  mcdog;' 
and  in  consequence  of  the  appearance  of  the  chyle 
with  which  they  were  filled,  he  gave  them  the 


7  See  hU  trestise,  De  Lactibu^  acootQpanied.by  the  sii^ular 
eDgravings ;  aUo  Sheldon,  on  Uie  Abft.  Sys.  p.  20, 1. .  For  siisc^ 
couot  of  what  was  known  respecting  the  absorbents,  before  the 
time  of  Aselli,  the  student  may  consult  Bartholin,' de  UctcSs 
Thorac.  c.  2;  he  remarks  that  Galen,  Fsbrieius,  Piso»  Oanoifi; 
and  Conring  saw  some  parts  of  the  absorbents,  but  had  tiim 
notions  respecting  them*  In  addition  to  the^e,  we  may  pidd  the 
names  ofFallopius  and  Eustochius,  the  former  of  whom  appears, 
certainly  to  have  seen  some  of  the  absorbents  connected  with  the 
liver ;  see  his  treatise  entitled  "  Observatibnes  de  Venis,^  obs.  S, 
op.  p.  5^2  \  and  the  latter  the  thoracic  duct,  which  he  dcscfibes 
with  considerable  accuracy,  as  seen  in  a  horse ;  6piis&  Anat. 
p.  279,  0.  Vesltng,  in  Syntagma  Anat.,  describes  what  appears  to 
be  the  lymphatics  of  some  of  die  abdominal  viscera  ;  and  Vaa- 
horne,  Nov.  Duct.  Chyl.^  gives  a  plate  of  what  is  probably  in- 
tended  fur  the  thoracic  duct,  although  very  incorrectly  delinea- 
ted. See  also  Haller,  El.  Phys.  ii.  3.  1.  and  xxv.l.S;aii4 
Mascagni,  Prologomena,  p.  1 .  .5.  Bartholin,  in  his  4th  c&api 
gives  an  account  of  the  progressive  steps  of  Aselli's  disoovcfj^ 
We  have  a  most  ample  and  valuable  catalogue  of  the  Tarioui 
publications  on  the  absorbent  system^  by  Soemmering,  appended 
to  his  treatise,  Dc  Morbis  Vasorum  Absorbentiuni,  occupyiog 
no  less  than  3^  pages. 
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of  lacteals.  He  appears  to  have  formed  a  correct 
opinion,  that  their  course  is  from  the  surface  of  the 
intestines  towards  the  central  parts  of  the  botly  ;  hut 
the  discovery  of  their  termination  in  tlie  tlioracic  duct, 
and  of  the  connexion  of  this  duct  with  the  great  ve- 
nous trunks,  was  made  by  Pecquet,  in  the  year  1651  .* 
When  AselH  and  Pecquet  had  directed  the  atten- 
tion of  anatomists  to  these  organ s^  they  became  the 
subject  of  very  general  investigation^  and  every  cir- 
cumstance respecting  their  structure  and  organization 
was  minutely  examined.  They  are  described  as  origi- 
nating from  the  villi  or  small  projections,  that  are 
attached  to  the  inner  raembrane  of  the  intestines, 
which  from  this  circumstance  has  obtained  the  deno- 
mination of  the  villous  coat.  These  \ilh  arc  said  to 
be  composed  of,  or  to  contain,  a  number  of  extremely 
minute  capillary  tubes,  wliich  branch  off  or  radiate 
fiom  what  may  be  regarded  as  the  termination  of 
the  proper  lacteal,  a  number  of  these  tubes  uniting 
to  form  the  larger  vessel.  But  although  detailed 
descriptions,  and  even  drawings  of  these  parts  have 
been  made  by  Lieberkuhn'^  and  otliers,  which  are 
supposed  to  represent  their  form  and  structure,  there 
seems  to  be  still   some  reason   to  doubt  of  the  exist- 


^  Experimenta  Nova,  pa&sini,  cum  fig* ;  see  also  Bnnholln^s 
5lUchap.  Tliifi  anatomist  seems  to  plume  himself  upon  the  cir- 
cumstatice  of  liis  having  been  the  person  who  Itrst  buw  the  thora- 
cic duct  in  the  human  subject ;  but  this  cannot  be  regarded  as 
any  great  advance^  after  it  had  been  clearly  demonstrated  in  the 
[Daiumiferous  quadrupeds  ;  see  Pecquet,  c.  6. 

9  Diss,  de  Fabrica  Vilh  Intest.  passim^  cum  Tab*  J,  2» 
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ence  of  these  parts,  or  at  least  of  the  exact  nature 
of  their  conne^an  with  the  trunks  of  the  laeteak. 
The  very  imcertainty,  however,  wliicli  prevails  upon 
the  subject,  is  a  sufficient  proof  of  the  extreme  de» 
Ijcacy  of  the  organs,  and  so  far  as  any  practical  con* 
sequences  may  be  derived  from  a  knowledge  of  their 
anatomical  structure,  we  may  be  entitled  to  confer 
them  as  possessed  of  the  physical  properties  of  capil- 
lary tubes,  but  connected  probably  with  other  powen, 
which  belong  to  them  as  vital  agents** 

»  Haller^s  observations  on  the  degree  of  credit  which  we 
oiaght  to  attach  to  the  descriptions  that  have  been  pabli^ed  of 
the  mouths  of  the  lacteals,  as  is  always  the  case  Unth  whateter 
proceeds  from  his  pen^  is  deserving  of  great  ottention ;  See 
Boerliaave,  Fro^lect*  not.  9.  ad  §  91.  t.  i  p«  181  $  also  not 
ad  §  JOS.  p.  235.  Since  the  time  of  lialler  our  knowledge! 
the  minute  anatomy  of  tlie  mouths  of  the  absorbents  is  no  doi^ 
increased,  but  stfll,  I  apprehend,  that  much  of  what  is  stated  J 
actually  existing,  rests  very  much  upon  conjecture*  We  ! 
however^  the  authority  of  Hewson  in  favour  of  lieberkii 
deHcriptioD,  although  lie  dlHers  from  him  in  some  minute  i 
Inq.  c.  1%  pt.  2.  p.  171.  et  setj>  He  adduces  his  own  experime 
and  preparatious  in  support  of  the  doctrine.  Cruikshank,  on  I 
absorbents,  C  1 1,  supports  the  same  opinion;  but  he  informs  \ 
at  the  same  time,  that  he  has  never  been  able  to  detect  theorilSc 
of  the  lymphatics;  ibid.  p.  60.  See  also  Sheldon  an  Uie  ubior* 
bent  system^  p.  52.. 8;  and  tab.  !»  %  Beclard,  add.  ABichaC, 
p.  128,  and  Hedwig,  Disquisit.  ampullae. 

On  tiie  oUier  hand  we  have  the  drawings  of  Mascagni,  tab.  I. 
fig.  1,  5.  and  tab.  S.  Bg.  1,  2,  3,  5.  which  do  not  sanction  the 
descriptions  of  Lieberkubn.  It  must  be  acknowledged  tlut 
Sheldon  s  testimony  in  favour  of  Lieberkuhn  is  very  direct,  aad 
perhaps  ought  to  outweigh  the  negative  evidence  even  of  M«*- 
cagni.  H.  Magcndie  altogether  discredits  the  accounts  tbit 
have  been  piiblbhed ;  Journ.  Physiol  t,  i.  p.  3.  et  alibi. 
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The  lacteals,  after  they  have  acquired  a  sufficient 
magnitude  to  be  easily  recognised  by  the  eye,  are 
carried  along  the  luesenter)'^ ;  like  the  venous  part  of 
the  sanguiferous  system,  the  small  branches  run  to- 
gether to  fonn  larger  branches,  while  these  again 
unite,  until  the  ^vhole  compose  a  few  great  trunks, 
^hich  terminate  in  the  lower  end  of  the  thoracic 
duct.  The  small  branches  frequently  anastomose 
with  each  other,  and  in  some  instances,  the  connex- 
ions are  so  numerous  and  intricate,  as  to  form  a 
complete  plexus.  They  are  furnished  with  numer- 
ous valves,  which  are  of  a  semilunar  form,  disposed 
in  pairs,  and  with  the  convex  side  turned  towards 
the  intestines,  so  that,  except  in  cases  of  extreme 
distention,  they  must  prevent  the  retrograde  motion 
of  the  contents  of  the  vessels;^ 

Besides  the  peculiarity  in  their  course,  in  tlie 
nature  of  their  contents,  and  their  nnnierous  valves, 
the  laetcals  are  farther  characterized  by  the  thinness 
and  transparency  of  their  coats,  by  which  they  are 
rendered  very  difficult  of  detection,  except  when  they 
are  distended  with  the  white  and  opake  chyle.  But 
notwithstanding  the  fineness  of  their  texture,  they 
would  appear  to  possess  considerable  strength,  so  as 
to  be  capable  of  being  distended  by  injections  far 

*  The  onginal  dificoverers  of  these  vessels  were  aware  of  the 
existence  of  the  valves,  but  they  were  examined  wiUi  so  mucli 
accuracy  by  lluyscli,  that  the  merit  of  the  discovery  is  not  un- 
freqaentiy  bestowed  upon  Ikim,  See  his  Difucidatb  Valvularum, 
Op,  t.  i.  p.  1. .  13.  They  are  very  accurately  described  by 
Sheldoa,  on  the  absorbent  system,  p.  26. 
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beyond  tlieir  natural  dimensions,  without  being  rup- 
tured. When  they  are  tlms  injected,  the  frequency 
of  the  valves  occusioiis  them  to  assume  a  jointed 
appearance,  somewhat  resembling  a  string  of  beads. 
They  appear  to  be  composed  of  two  essentially  dis- 
tinct parts ;  an  interior  membrane,  by  the  duphcaturc 
of  which  tlic  valves  are  composed,  and  which  probably 
constitutes  a  considerable  part  of  their  actual  sub- 
stance, and  a  membrane  sunounding  this,  which  may 
be  considered  as  dcterniining  the  bulk  of  the  vessel, 
and  giving  its  general  form.  To  these  two  some 
anatomists  have  added  an  external  peritoneal  niem- 
braue,  but  this,  strictly  speaking,  is  no  more  than 
tlie  general  envelope  which  the  peritoneum  affords  to 
all  the  abdominal  viscera.^ 

We  appear  to  have  very  imcquivocal  evidena^  of 
the  contractile  nature  of  the  lacteals,  and  yet,  oiling, 
as  we  may  presume,  to  the  transparency  of  their 
coats,  it  is  doubtful  whether  muscidar  fibres  ban 
ever  been  detected  in  them.*     Like  all  the  remA^ 


3  For  a  general  description  of  the  tacteals,  see  HalWr,  B. 
Phy«.  XXV.  I*  4-.fi;  Mascagni,  Vas,  Lyiupli.  Corp*  Histociii 
pt*  K  $  T-  ^tt.  8.  p.  50,  1.  tab*  i«  fig-  7;  Shddon,  oti  the  A^ 
sorbtfiU  System,  c.  2,  pL3,  4,  5;  Saiitoriut,  Tdbultc,  NM3i 
iig,  3  ;  Ma^etitlic,  Vhys.  t-  ii*  p.  158. ,  0. 

4  Nuck  1ms  figured  what  he  conceived  lo  be  fibres  in  tht  cow* 
globate  glands  and  thoracic  duct;  Adenologia;  p  35.  .8*  fig*  13* 
14,  19.  bat  Mascagni  i^upposes  that  what  he  saw  referred  10  (k^ 
adipose  c«^tls,  and  farther  informs  us  that  he  never  could  iktKC 
fibres  in  any  of  l!ie  absorbents,  pt,  L  sect.  4.  p.  26.  CruikfthM 
however*  has  **  repeatedly  demoiistraied  fibres  in  tlie  iboracJC 
duel ;"  Ou  the  Absorbing  Vessels,  p.  61  j  and  strongly  ndroeitei 
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any  considerable  magnitude,  they  arc  provided  with 
a  set  of  cirteries,  by  whicli  they  are  nourished  and 
immediately  connected  with  the  vital  system ;  no 
nerves  have  been  detected  as  specifically  belonging  to 
the  lactcals,  nor  have  we  any  direct  evidence  of  their 
pos,sessing  any  sensitive  properties,^ 

The  discovery  of  the  lymphatics  was  a  few  years 
posterior  to  that  of  the  lacteals  ;  for  although  their 
structure  and  composition  are  nearly  similar,  yet  in 
consequence  of  their  contents  being  transparent  and 
colourless,  they  are  less  easily  detected.  On  this 
account  it  was  not  imtil  about  thirty  years  after  the 
discovery  of  Asclli  that  we  have  unequivocal  evidence 
of  their  having  been  distinctly  recognised,  and  it  still 
remains  somewhat  doubtful  to  whom  the  honour  of 
the  discovery  is  to  be  ascribed,  Ferliaps  the  first 
anatomist  who  clearly  announced  them  as  a  distinct 
system  of  vessels  is  Joliffe,  but  as  he  himself  pub- 
lished no  account  of  bis  ow!i  observations,  his  claim 
is  not  very  satisfactorily  subs  tan  tiatcdJ'     We  have, 

the  Irritability  (contractllily)  of  the  absorbent  system  generally; 
On  the  Abi?orbing  VesscJi,  c.  12* 

i  Cruikshank  reniarks  that  nerves  are  appareolly  distributed 
to  the  absorbent  vessels,  but  that  we  cannot  perceive  tliut  they 
lire  much  under  the  influence  of  these  nerves;  p.  64. 

^  The  claim  of  Jotiffe  rests  upon  the  testimony  of  Glisson,  as 
given  in  liis  treatise  on  the  Liver,  published  in  1(554' ;  Haller, 
BibL  Anat.  t.  i.  p.  452.  He  cniJtlvs  one  of  his  sections,  "  De 
vasts  aquasis,  sive  lympha;  ductibus  ad  hepar  spec tanti bus,** 
and  adds  the  following  narrative ;  **  Incidi  primtiui  in  eomni 
notitiam,  indicio  D<  ilolivii,  alque  anna  1652,  sub  initiuin 
Juniij  quo  tempore  ille  doctoratus  gradum  adepturusi  me  (^anta- 
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however,  srufficknt  proof  tliat  these  vessels  were  ol 
served  by  Bartlioliii,  and  by  Rudbeek,  nearly  about! 
tlie  same  time,  but  that  Bartholin  was  the  first  tnj 
pubhsh  the  discovery.  This  publication  gave  rise  t<^j 
i»  claim  on  the  part  of  Rudbeek  and  his  friends,! 
which  led  to  a  controversy  that  was  carried  on  fotl 
some  time  with  considerable  acrimony.  It  is  scarcely  1 
in  our  power,  after  this  lapse  of  time,  to  form  a  de^j 
cisive  judgment  on  this  question,  but  from  the  docu- 
ments which  wc  possess,  I  think  we  may  conclude,  i 
that  the  lymphatics  were  first  clearly  discovered  by] 
Rudbeek,  and  that  Bartholin  had  some  intimation  of  I 
the  discovery;  this  he  appears,  rather  disingenuously,' 
to  have  concealed ;  yet  we  may  allow  that  he  ha 
considerable  merit  in  profiting  by  the  hint,  and 
pursuing  the  investigation,  with  the  skill  and  add 
which  he  displayed  on  all   points   connected   %vitll 

brigim  in  eum  finem  convenerat.  Asseruit  nempe,  dari  va 
quartum  genus,  £1  vcnis^  artenis,  etnervis  plane  diversum  ;  id 
que  ad  omnes  ut  pTurimas  saltern  corporis  partes  distrsbuj*  hmno 
rem  aquosumiu  secomplecti,  Addebat  porro,  &e  in  compluribu 
amoiQlibus  eoruBdem  duetum  inveatigasse,  in  artubus,  8c0. 
ticulis,  utero^  aliisque  etiam  partibue,  certo  sibi  consiare,  li^ 
quorem  in  lis  versum  mesenterium  tendere,  et  particulatlin 
initium  she  radicationem  ejus."  c»  3L  p.  319*  GUsson, 
witb^unding  the  designation  which  he  gives  to  these  ¥€fsch 
ailerwards  expressly  states  ;  "  quad  ad  hepatis  negatium  i 
spectare  viderentur ;  neque  enim  dlctus  Jolivius,  quenqu 
horum  ductuum  inde  proficisci  etiaranum  monuerat.**  Hm 
does  not  appear  to  have  thought  JolifFe's  daim  to  dUcovcrj 
have  possessed  ranch  weight ;  he  remarks  concerning  it ;  *•  V« 
tymphatica  hie  (Gllsson)  ut  alii  Angli^  Jollvio  iribuil  iov 
igaoto  inter  incisor e&  nooiinl/*  BibL  Anat*  ut  supra^ 


• 
anatomy/  The  peculiar  nature  of  these  vessels,  and 
their  supposed  importance  in  the  operations  of  the 
animal  oeconomy,  soon  attracted  the  attention  of  all 
the  anatomists  of  the  age,  and  from  tliat  period  until 
our  own  time  they  were  successively  detected  in  the 
different  parts  of  the  body,  and  in  the  different  classes 
of  animals.  The  labours  of  Wm.  Hunter  and  of 
JVIonro  See.  were  particularly  directed  to  the  exa- 
mination of  the  absorbent  system,  and  some  of  the 

7  Those  who  are  desirous  of  exammiog  into  the  respective 
merits  of  Bartholin  and  Rudbeck  may  consult  Haller,  not.  4-.  ad 
Boer.  PneL  §  12L  t.  i.  p.  277.  .9,  or  Bibl  Anat.  t  I  §  378. 
p.  4f00.  et  teq*  and  necu4l5*  p.  447-  et  seq,  where  he  will  find  a 
list  of  the  various  publications  to  which  the  controversy  gave 
me;  and  still  more,  EUPiiys.  ii.  3,  1.  where  the  history  of  the 
discovery  is  detailed  witli  tke  author*s  accustomed  accuracy,  and 
with  that  correct  distribution  of  justice  to  the  respective  claim- 
ants, for  which  he  is  so  highly  and  justly  celebrated.  The  result 
of  the  inquiry  has,  I  acknowledge,  produced  upon  my  mind  the 
impressiou  which  is  stated  in  the  text.  Dartliolin  was  certainly 
askiifui  and  active  anatomist,  to  whom  the  science  lies  under 
many  obligations^  but  1  think  that  his  works  betray  the  ambition 
of  being  regarded  as  a  great  discoverer,  a  spirit,  which,  when  it 
once  tak€£  possession  of  the  mtnd^  is  too  apt  to  blunt  the  finer 
feelings  of  honour  and  integrity*  Bartholin's  own  statement  is 
briefly  made  in  his  Anat.  lleforto^  p.  621,  2*  There  la  reason  to 
suppose  that  Bogdan's  angry  treatise  was  WTitten  under  the 
I ni med iate  i  nsp ec tl on  of  B ar th ol i  n .  H al  I er  ob v  i o ugly  i  n c  1  i n es  to 
the  part  of  Eudbeck  ;  he  says,  *'  videtur  ex  his  ipsis  datis  verus 
novorum  vasorum  Inventor  fulsse ;"  see  also  the  remainder  of  the 
paragraph  in  Blbl.  Anat*  t.  i*  p.  447j  8;  sec  also  EL  Phys.  ii*  3. 1  • 
p.  161,  2,  Bocrhaave,  in  his  work  **  Melhodus  Studli  Medici,'* 
gives  a  history  of  the  successive  discoveries  that  were  made  re- 
ipecting  the  lymphatics ;  C*  2.  de  vasis  lympUatieis^  U  i.  p*  443* 
et  seq* 


k 


£44  Lymphatics. 

anatomists  of  the  present  day  are  still  engageoln 
discussing  the  nature  of  their  action,  and  the  rebition 
which  they  bear  to  tlic  other  parts  of  the  system. 

The  lymphatics  appear  to  be  \cTy  similar  to  the  lac* 
teals  in  their  structure,  and  in  the  nature  of  their  coii- 
Btituent  parts,  being  composed,  Uke  them,  of  a  fine  and 
transparent,  but  firm  and  elastic  substance,  provided 
with  numerous  valves^  and  forming  frequent  anasto- 
moses. They  seem  likewise  to  possess  a  similar  de- 
gree of  contractility,  although  from  the  nature  of 
their  contents,  it  is  not  so  easy  to  demonstrate  it  by 
actual  experiment,  and  they  are  also  analogous  to 
them  in  their  principal  function,  and  in  their  ulti- 
mate destination.  But  they  ditfer  from  the  lacteaU 
in  their  situation,  and  in  their  contents,  for  wbereai 
the  lacteals  are  confined  to  the  mesentery,  and  senrc 
only  to  convey  the  chyle,  the  lymphatics  are  found  in 
almost  every  part  of  the  body,  and  are  filled  with  a 
transparent  and  colourless  fluid,  which,  as  its  name 
imports,  was  supposed  to  consist  principally  of  water. 
The  origin  of  tlic  lymphatics  appears  to  be  from  the 
various  surfaces  of  the  body,  external  as  well  as 
internal,'*  and  partly  from  the  degree  in  which  wc 
are  actually  able  to  trace  them  by  anatomical  iiyeo- 
tions,  and  partly  from  observing  changes  ta  be  pro* 

*  Magendie,  Physiol,  t.  il  p.  175,  remarks,  "  On  ignoro  hiilb* 
po&idoti  que  les  1)  mphatiquea  ont  ii  leur  origioe ;  on  a  fkit  I  ce 
iubjet  beaucoup  de  conjectures,  egalement  denuces  de  fiUMic* 
tuent/'  Injections  demonstrate  thai  they  arise  from  mintite 
bmnches  which  con  be  truced  Into  ihe  neighbovirhood  of  the 
irarious  iurfaces,  but  beyond  this  we  have  tio  certam  larortnattou. 
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duoecl  in  various  organs,  which  we  can  only  e^iLplain 
by  the  power  of  absorption,  we  are  induced  to  suppose 
that  they  exist  in  every  part  of  the  body/ 

Their  great  trunks  arc  arranged  into  two  prin- 
cipal scries  or  systcras,  one  near  the  surface,  and  the 
other  more  deeply  seated,  and  we  find  that,  for  the 
most  part,  they  follow  the  course  of  the  great  veins. 

>  Haller  enlilles  one  of  lus  sections,  EJ,  Phys.  ii.  3,  4.  •'  Ubi 
nondura  visa  sunt;**  it  would  seem  that, at  the  period  when  he 
wrote,  there  were  very  few  part*  of  the  human  body  in  which 
they  had  not  been  detected;  and  ^ince  his  time  this  nuniber  is 
still  farther  diminiahetl*  It  appearsj  howevefj  that  there  are 
gorae  organs,  more  particularly  the  brain^  the  spinal  cord,  and 
the  organs  of  sense^  which  are  at  least  much  less  plentifully  sup- 
plied with  absorbents  than  the  other  soft  parts ;  indeed  it  may 
be  doubted  whether  we  have  any  unexceptionable  evidence  of 
their  having  been  seen  in  these  organs.  M,  Magendte,  writing 
in  1817*  says,  **C*e8t  ert  vain  qu'oa  a  cherche  jusqu  ici  ces 
vaisseaux  dans  le  cervcau,  la  moeMe  epincusCt  leurs  envelop^  Tceily 
roreille  iaterne/'  &c* ;  Physiol,  t.  ii.  p*174;  see  also  Journ*  de 
Physiol,  t.  1.  p*  3, 1821.  Mascagni  gives  us  a  view  of  a  few  small 
lymphatics  which  he  had  discovered  in  the  brain;  tab.  27.  %•  1$ 
Sf  5*  Are  we  to  consider  the  above  fact  as  a  proof,  that  the 
braiFL  and  nerves  are  less  disposed  to  undergo  that  gradual  ex- 
change of  particles  which  has  been  so  frequently  referred  to  ? 
For  de»criptiona  and  views  of  the  lymphatics,  eee  Haller,  El, 
Phys.  ii.  S.2.  etseq.;  Hewson,  Inq.  c.  3.  and  pL3..6;  Mas- 
cagni,  Vas.  Lymph.  Hist,  pt*  1*  sect.  7-  p.  37.  et  seq* ;  and  tab. 4. 
^t  seq. ;  Cruikshankj  on  the  Absorbent«>  pv  148*  et  seq. ;  Seem* 
meringp  Corp,  Hum.  Fab,  t*  v.  p,  38B.  et  seq.  The  origin  of 
the  lymphatics  has  generally  been  supposed  to  be  still  more 
obscure  than  that  of  the  lacteals;  we  have,  however,  an  account 
by  Watson,  which  bears  the  marks  of  fidelity,  of  his  being  easily 
able  to  detect  thdr  open  mouths  on  the  surface  of  the  bladder; 
PhiL  Trans,  for  1769;  pi.  15. 
VOL*   IK  2    K 
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Whether  this  depends  upon  any  necessary  eohnezm 
which  takes  pkce  between  these  sets  of  vessels^  during 
their  course  from  the  superficial  to  the  central  parts 
of  the  system,  or  whether  they  are  lodged  near  eadi 
other  for  the  mere  purpose  of  mechanical  acoommo^ 
dation,  we  are,  perhaps,  not  able  podtiydy  to  deter* 
mine;  but  the  latter  seems  the  more  probable  sap' 
position.  The  main  branches  of  the  lymphatics  are 
finally  reduced  to  three  or  four  great  trunks,  whicbi^ 
like  the  lacteals,  terminate  in  the  thoracic  duct 

This  duct  is  the  ultimate  destination  of  all  iha 
lacteals  and  lymphatics ;  it  is  a  vessel  of  considcrahle 
size,  which  lies  in  the  neighbourhood  of  the  sjpin^ 
running  in  a  somewhat  tortuous  course,  from  ^ 
third  or  fourth  dorsal  vertebra,  to  about  half  an  indi 
above  the  trunk  of  the  left  subclavian  vein.  It  is 
then  bent  down  into  the  form  of  an  irr^ular  arch, 
and  opens  into  this  vessel,  nearly  at  its  union  with 
the  jugular  of  the  same  side.  There  is  considerable 
irregularity  in  the  form  of  the  thoracic  duct ;  in  a 
majority  of  cases,  it  is  composed  of  a  single  frunk; 
occasionally  there  are  two  trunks,  which  are  not  very 
dissimilar  from  each  other  in  their  dimensions^  while 
not  unfrequcntly  we  have  one  or  more  small  trunb 
which  pass  in  the  same  direction  with  the  mun  duct, 
which  are  generally  united  to  it  in  some  part  <tf  itf 
course,  or,  in  some  cases,  are  separately  transmitted 
into  the  subclavian  vein.  Although  this  formatioa 
of  the  thoracic  duct  and  its  supplementary  append^ 
ages,  does  not  afiect  its  physiological  functions,  sad 
is  no  more  than  a  mere  anatomical  variation,  yet  it  if 
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of  imprtance  to  be  aware  of  it  in  our  experiments 
on  tbe  absorbent  system ;  for  it  appears  that  the 
earlier  anatomists  were  not  uofrequently  induced  to 
form  false  conclusions  on  this  subject,  by  supposing 
that  they  had  intercepted  the  transmission  of  the 
chyle  from  the  absorbent  to  the  sanguiferous  system, 
when  they  had  merely  prevented  it  from  passing 
along  the  main  trunk  of  the  thoracic  duct/^  Except- 
ing in  its  greater  size,  it  is  not  essentially  different 
from  the  other  absorbent  vessels ;  its  coats  are  tliin 
and  transparent,  yet  possessed  of  considerable  strength 
and  elasticity ;  it  is  furnished  with  numerous  valves, 
and  appears  to  possess  a  remarkable  degree  of  con* 
tractility.* 

The  conglobate  or  lymphatic  glands  compose  a 
conspicuous  portion  of  the  absorbent  system.  They 
are  met  with  in  different  parts  of  the  body,  always 
connected  with  the  lacteals  or  the  lymphatics.    They 

^  See  the  observations  aod  experiments  of  Sir  A,  Cooper  in 
Medical  Records  and  ResearcheSj  p.  86-  et  seq.  wbere  he  shows 
that  when  the  duct  is  obstructed  eitlier  by  raaJ-conforniation, 
or  b J  a  ligature,  the  chyle  still  finds  its  way  into  the  veins.  See 
also  the  paper  of  M.  Magendie,  in  his  Journ.  t.  i.  p.  ^1. 

3  For  tbe  description  and  views  of  the  thoracic  duct,  see 
Haller,  Prim.  Lin,  ch.25.  §  565  ;  Op.  Min.  U  u  p.  5BS^  et  scq. 
tab.  11,  12;  and  El.  Pbys.  xxv.  L  10_  3  ;  Albinus,  Tab.  Vas. 
Chylif  I  Cheselden,  Anat.  pi.  26  ;  I*ortal,  in  Mem,  Acad,  pour 
1770,  and  Sabatier,  pour  1786;  Haase,  de  Vas.  Cutis  et  Intest. 
Abs-  tab.  2.  and  tab.  S«  fig.  1. ;  there  are  two  valuable  treatises  on 
this  organ  in  Hallerj  Disp.  Anat.  t.  i.  by  Bolius  and  by  Saltz- 
omnn;  Mascagnii  pt.  1.  sect.  7.  art.  8.  p.  52*  and  tab.  13^  15»  19; 
Sheldon,  pi  5  ;  Cruikshank,  p.  166.  *  176 ;  Magendie,  Physiof. 
1 11*  p.  16a 
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are  of  various  sizes,  sometimes  simple,  sometimes  in 
groups  or  clusters,  and  although  their  usp  is  not 
understood,  we  may  presume  that  they  serve  some 
important  purpose,  from  the  circumstance  of  every 
absorbent  vessel,  during  its  coui-se,  passing  tlproogh 
one  or  more  of  these  glands/  They  are.  very  nume- 
rous in  the  mesentery  as  connected  mth  the  lacteal^ 
and  as  attached  to  the  lymphatics ;  there  are  Uaegi 
clusters  of  them  in  the  groin,  the  neck,  and  the 
axilla,  as  well  as  in  the  course  of  the  greater  lymp]iatic 
trunks,  not  far  from  their  termination  in  the  thoracic 
duct 

.  It  is,  however,  only  in  the  mammalia,  or  the 
animals  which  most  nearly  resemble  them  in  their 
structure  and  functions,  that  these  glands  are  Ibnnd 
so  abundantly ;  even  in  birds  they  are  rare,  and  stiD 
more  so  in  fishes/    Although  we  are  not  acquainted 

'  4  It  has  been  questioned  how  far  this  remark  is  literally  true; 
Hewson  affirms  that  he  has  injected  lympbatict,  wfaicb  have.bcen 
unconnected  with  any  glands  ;  Inquiry,  pt  2.  p.  44,  5 ;  and  die 
same  statement  has  been  made  by  others.  But  Mascflgni,in 
his  numerous  injections,  has  never  met  with  this  circamftanojei 
and  expresses  himself  as  if  he  doubted  the  correctuesi  of  tte 
observation;  Vas.  Lymph,  Hist.  pt.i.  sect.  4.  p«25;  see  alio 
Gordon's  Anat.  p.  Ti. 

5  The  researches  of  tlic  modern  anatomists  have  proved  thst 
the  absorbent  vessels  exist  in  the  great  classes  of  the  nuunpnsliSf 
birds,  amphibia,  fishes,  and  insects.  Blumonbach  observes,  ihU 
the  heart  and  the  circulation  of  the  blood  are  always  co«exi|tent 
with  the  absorbent  system,  and  that  although  animi^ls  which  are 
without  red  blood  appear  to  absorb  fluids,  yet  tbi^  it  is  not 
done  by  the  same  kind  of  vessels  as  in  animals  that  possess  red 
]}]oo(l ;  Conip.  Anat.  by  Lawrence,  p.  253.  I  apprchejid  ibat  the 
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with  the  uature  of  the  function  which  is  exercised  hy 
these  glands,  we  may  fairly  presume  that  they  serve* 
in  souie  w^ay  or  other,  to  the  completion  or  the  per- 
fection of  the  absorbent  system,  as  they  are  found 
principally  in  the  higher  orders  of  animalw.  In  those 
of  an  inferior  description,  \vc  have  the  vessels  without 
the  glandsj  while  in  those  of  a  still  low^er  order, 
neither  the  vessels  nor  the  glands  can  be  detected,  so 
that  the  process  of  absorption  must  be  carried  on  by 
some  mor^  simple  apparatus.  There  has  been  tlie 
same  kind  of  controversy  respecting  the  structure  of 
the  conglobate,  as  of  the  conglomerate  glands,  whe- 
ther they  contain  cells,  or  whether  they  consist  of  a 
mere  congeries  of  vessels,  Nuck^  and  tlic  earlier  anato-^ 
mists  generally  maintained  the  former  opinion,  wliile 

first  part  of  this  remark  cannot  be  considered  as  perfectly  correct, 
since  they  have  been  detected  in  the  iilL-worm,  Sheldon  on  the 
Absorbent  System,  |>t»  1-  p/28;  and  the  Echinus  Marinus,  Monro 
on  Fishes,  p*  125. .  8.  tab.  4K  We  may  conceive  that  tlie  whole 
process  of  groivlh  and  natritioii,  in  all  its  parts,  depends  upon  a 
dpecles  of  absorption  even  in  the  lowest  orders  of  annuals,  al* 
thoogh  tliere  are  many  considerations  which  would  lead  ns  to 
suppose,  that  it  consists  in  little  else  than  mere  nicchanlcat  imbi- 
bition, quite  distinct  from  proper  vascular  action.  Dr.  Fleming's 
account  of  the  comparative  anatomy  of  the  absorbents  may  be 
perused  with  advantage,  although  it  nmst  be  regarded  rather  as 
ft  popular,  than  as  a  technically  correct  view  of  the  subject ; 
Zootogy»  t.  i.  p.  338.  Mascagni,  speaking  of  the  classes  of  ani- 
mals that  possess  a  lymphatic  system,  says,  "  hoc  forsan  donantur 
alia  animalia  corde  et  vasls  sanguineis  destituta,'*  p.  2. 

^  Nuck  gives  us  the  results  of  his  own  injections  In  a  simpte 
and  candid  manner,  accompanied  with  rough  engravings  ;  C.  2. 
p.  30.  etscq.  fig.  9..  12. 
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the  more  recent  authors^  on  the  oentraiy^finr  the  most 
part,  indine  to  the  lattor.^  Hewaon  infonoa  uaihat 
«<  each  gbmd  is  a  congeries  of  tubes  oonsiftisg  «£ 
arteries,  veins,  lymphatic  vessels,  and  nerves^  ooo- 
nected  by  the  cellular  substance.**  ^  Mascagni  giTSi 
an  account  of  his  own  observations  on  the  gbm^i^ 
when  they  are  examined,  after  havmg  been  injected 
with  wax  or  glue ;  '^  apparebit  lymphatica  «•  •  dividi, 
invicem  coire,  flecti,  extenuari,  dilatari,  oellas  effiv* 
mare,  rursus  constringi,  mutuo  demum  coQunixtiioiit 
surculorum,  preesertim  vero  ramis  in  eellaa  immiffliti 
indeque  inductis,  ampio  commercio  donari.''* 

f  Cniikshank,  however,  argues  in  fkrour  of  the  ceDahrtes* 
ture,  c.  14.  and  Mr.  Abemethy  appeara  to  have  clearly  peovid 
that  this  is  the  case  in  the  whale ;  FhU.  Thuat.  for  1796»  p.S7« 
et  seq. 

s  Inquiry,  v.  iii.  c.  2.  pi.  2. ;  see  also  Bechvd,  add.  a  Biciiat» 
p.  281 ;  Monro  Tert.  Elem.  v.  i.  p.  558 ;  Werner  and  Feller, 
Vas.  Lact  and  Lymph.  Descrip.  tab.  2 ;  they  deh'neate  the  glaad 
as  distinctly  consisting  of  a  network  of  vessels,  but  I  cannot  but 
suspect  that  the  drawing  is  somewhat  exaggerated;  HaOer,  EL 
Phys.  ii.  3.  16..  27*  gives  a  very  full  account  of  the  stmcturey 
situation,  and  supposed  uses  of  these  glands ;  see  also  Boyer, 
Anat.  t.  iii.  p.  248. .  257*  I  have  already  had  occasion  to  remsik 
p.  828.  that  Sylvius  was  the  first  who  distinguished  these  glaodi 
from  tliose  that  are  more  immediately  concerned  in  aecretioo, 
and  appropriated  to  them  the  name  of  conglobate,  while  he 
styled  the  latter  conglomerate ;  these  names  have  been  genosOj 
employed,  although  not  very  correct  or  appropriate.  For  news 
of  these  glands,  see  Mascagni,  tab.  1.  fig.  8. .  12,  tab.  2.  fig.  4. .  8. 
tab.  4.  fig.  2.  tab.  8, 16,  26 ;  Cruikshank,  pi.  3 ;  Sheldon^  tab.S| 
5 ;  Parr's  Diet.  Absorbents  1,  2,  8. 

9  Yas.  Lymph.  Hist  pt.  1.  sect.  5.  p.  81.  There  has  been  cob- 
siderable  difference  of  opinion  respecting  the  anatonucal  relatson 
between  the  conglobate  glands  and  the  nerves ;  Malpiglil  and 
Nuck  thought  that  these  glands  were  plentifully  supplied  with 
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§  2»  O^ce  of  the  Absorbent  System. 

The  office  of  the  absorbents  is  literally  ^pressed 
by  their  name ;  it  consists  in  receiving  or  taking  up 
certain  substances,  and  in  transporting  them  from 
toe  part  of  the  body  to  another.  The  substances 
which  are  thus  taken  up,  may  be  referred  to  two 
^)nly,  the  chyle  and  the  lymph,  the  former  being 
I'eceived  by  the  lacteals,  and  the  latter  by  the  lym- 
phatics. The  immediate  object  of  the  action  of  the  two 
sets  of  vessels  is  also  essentially  different,  that  of  the 
fbtnt  being  to  convey  a  fluid  from  the  part  where  it  is 
formed  into  the  blood,  in  order  that  it  may  directly 
serve  for  the  nutrition  of  the  body,  the  latter  serving, 
ill  the  first  instance,  to  remove  what  is  useless  or 
noxious,  and  to  dispose  of  it  in  such  a  manner,  that 
it  may  either  be  applied  to  some  secondary  purpose 

utility,  or  be  finally  discharged  from  the  system. 

Although  there  is  some  uncertainty  respecting  the 
anatomical  structure  of  the  mouths  of  the  lacteals, 
and  there  is  considerable  difficulty  in  explaining  the 
mode  in  which  the  chyle  enters  them,  we  can  have 
no  doubt  that  they  are  so  dispersetl  over  the  surface 
of  the  intestines,  as  to  be  able  to  receive  the  chyle 
when  it  is  presented  to  them*  By  their  contractile 
power,  assisted  by  the  mechanical  action  of  the  valves, 
and  probably  by  other  causes,  which  will  be  considered 

nenres ;  Hewson  that  tliey  have  few  nerves,  and  that  they  only 
become  sensitive  when  aftbcted  by  acute  inflanimation  ;  Inquiry, 
pt,  S.  p.  52  ^  Mascagni  informs  us  that  he  never  detected  nerves 
^distributed  to  these  glands,  p.  30 ;  he  further  states  this  to  have 
been  the  ca«e  with  Walter.  Gordon  renmrks  that  no  nerves 
have  been  discovered  accompanying  these  vessels ;  Anat.  p.  77- 
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presently,  fhe  fluiil,  when  it  bas  once  entered  the 
vessels,  is  necessarily  propelletl  from  their  ^ctrexnitiei 
towards  their  triiuks,  until  at  length  it  arrives  at  th^ 
thoracic  duct.  The  action  and  functions  of  the  lynj- 
phatics  do  not  appear  to  be  essentially  different  from 
those  of  the  lacteals ;  we  have,  however,  a  etill  less 
distinct  conception  of  their  extremities  and  of  the 
mode  in  which  they  receive  their  contents  ;  when  tfce 
lymph  has  once  entered  them,  we  may  presume  thit 
it  is  propelled  forwards  precisely  in  the  same  roanaer 
with  the  chyle*  There  is,  however,  one  ctrcuiDstmce 
iiL  which  these  two  sets  of  vessels  would  appear  to 
differ  from  each  other,  at  least  in  degree ;  that  a 
whereas  the  lacteals  seem  to  be  capable  of  receiviJB 
nothing  except  chyle,  which  they,  in  some  way  or 
other,  possess  the  power  of  selecting  from  the  heteio- 
geneous  mass  of  matter  through  which  it  is  diflfused, 
and  with  very  few  exceptions,  reject  every  thing  cbe 
that  is  presented  to  tlicm;  the  lymphatics,  on  tilt 
contrary,  possess  the  distinguisliing  property  of  taking 
up,  as  occasion  may  require,  every  substance  diai 
enters  into  the  composition  of  the  body»  as  wcUas 
extraneous  and  hcterogoneous  matters  of  various 
kinds,  that  are  accidentally,  or  intentionally  placed 
in  contact  with  their  mouths.  This  is  not  oiJy  the 
case  with  our  various  fluids  and  solids^  xvhich  arc 
composed  of  similar  elements,  and  might  therefore  be 
conceived  to  be  readily  convertible  into  each  othOi 
but  they  have  the  power  of  absorbing  the  earth  of 
bones,  and  even  of  taking  up  various  medicinal  ageot^ 
and  canying  them  into  the  system^  so  as  to  cmtile 
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them  to  produce  the  same  effect  upon  the  functions, 
as  if  they  had  been  received  into  the  stomach. 
'  With  respect  to  the  thoracic  duct  we  have  no 
reason  to  suppose  that  there  is  any  thing  specific  in 
its  action,  or  that,  except  in  its  size,  it  differs  from  the 
other  absorbent  vessels.  Its  particular  office  appears  to 
be  that  of  serving  as  a  reservoir  in  which  the  chyle 
and  lymph  may  be  deposited,  for  the  purpose  of 
being  gradually  transmitted  into  the  sanguiferous 
system,  as  there  is  some  reason  to  suspect,  that  injury 
would  ensue  if  too  large  a  quantity  of  this  fluid  were 
poured  into  the  veins  at  any  one  time.  It  is  not 
improbable  that  a  certain  degree  of  retardation  is 
necessary,  in  order  that  the  contents  of  tlie  absorbent 
system  may  be  more  completely  assimilated,  before 
they  are  mixed  with  the  blood,  which  could  not  have 
been  so  conveniently  effected,  without  the  interven- 
tion of  a  receptacle  similar  to  the  thoracic  duct. 

From  tlie  above  remarks  it  appears  that  we  catt 
have  little  doubt  respecting  the  use  of  the  vascidar 
part  of  the  absorbent  system,  but  this  is  not  the  case 
with  its  glandular  appendages.  It  cmi  scarcely  in* 
deed  appear  surprising  that  we  are  unable  to  explain 
their  u,se,  while  their  structure  is  still  involved  in  so 
luucli  obscurity,  and  yet,  on  the  otiier  band,  it  may 
be  said  that  we  know  so  little  of  glandular  action,  or 
of  the  change  wliich  it  produces  upon  the  fluids  tliat 
are  subjected  to  it,  that  we  should  rather  attempt  to 
elucidate  the  subject  by  physiological,  than  by  ana- 
tomical investigations.  The  most  probable  opinions 
that  have  been  entertained  upon  the  poiut  are,  either 
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that  these  gktids  are  proper  secreting  organs,  and  am 
intended  to  prepare  a  peculiar  substance,  which 
mixed  with  the  chyle  and  lympht  or  that  they  ofiei 
a  mechanical  obstruction  to  the  progress  of  tJbese 
dies,  by  which  means  their  elements  are  allowed 
act  upon  each  other,  and  thus  to  produce  some 
cessary  change  in  the  natiure  of  the  fluids  which 
through  tliem.^  The  examination  of  the  contenU 
of  these  vessels  does  not  enable  us  to  decide  this  qti 
tion,  nor  am  I  acquainted  with  any  considcrat 
anatomical  or  physiological,  whidi  appear  to  haf 
much  weight  in  directing  our  determination* 
;    We  must,  however^  suppose  that  some  impoi 

^  Eicberaod  supposes  that  the  glands  tend  to  assimilate  soil 
animalize  the  chyle,  and  to  separate  the  heterogeneous  mati 
from  it,  but  this  opinion  is  entirely  conjectural,  Eknu  p.  \l 
this  h  nearly  the  opinion  of  Blumenbach>  lost.  Phys.  §  ^^1 
442.    Mascagni  supposes  that  ihey  serve  to  detaio  the  Auid  aod  J 
^0  mix  its  parts  together  ;  this  i«  proved  by  ihe  diiference  m  thiJ 
nature  of  the  fluid  before  and  after  it  passes  through  the  gland;] 
Vu  1 ,  sect.  5.  p-  33.     I  do  not,  howrcver,  perceirc  that  it  hi 
•tated  in  what  this  difference  consists.    M.  Magendle  very  ean- 
didly  confesses  his  ignorance  upon   the  subject  t  Phyi.  I.  ii 
p*  166^  201*     Haller  supposes  that  the  functions  of  the^e  glandlj 
are  more  important  in  the  young  than  in  the  adult  ammAl; 
principally,  as  it  would  appear,  resting  his  opinion  upon  thefr] 
greater  size,  and  upon  their  containing  a  greater  proportion  of  I 
fiutd  in  the  former  case.  El.  Phys.  ii,  3*  25.    Il  is  natutml  li  ( 
•uppoic  that  during  the  growth  of  the  body»  a  greater  qiiotitity  | 
of  nutritive  matter  will  be  conveyed  to  the  blood,  which  mMil  | 
necessarily  pass  througli  these  glands,  whatever  u«e  wc  may 
ascribe  to  them,     Mascagni  agrees  with  respect  to  the  fact  pf 
Iheir  being  larger  and  more  turgid  in  youth;    Vaj,  Ljnpli. 
Hiftt.  pu  1,  secUd.p*  S3. 
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change  is  effected  by  their  means,  from  the  fact 
mentioned  above,  that  every  absorbent,  during  some 
part  of  its  course  to  the  thoracic  duct^  passes  through 
one  or  more  of  these  glands.  But  the  same  mode  of 
reasoning  might  lead  us  to  conclude,  that  although 
the  absorbent  glands  arc  necessary  to  the  existence 
of  the  higher  orders  of  animals,  they  are  not  so  for 
the  purposes  of  nutrition  and  growth  generally,  as  it 
appears  that  there  are  large  dasses  of  animals,  which 
resemble  the  mammalia  iu  many  of  their  nutritive 
functions,  and  iu  the  vascular  part  of  the  absorbents, 
which  are  without  any  lymphatic  glands,  or  are  very 
sparingly  furnished  %vith  them,-  It  is  not  easy  to 
point  out  any  circumstances  that  belong  exclusively 
to  the  mammalia,  which  can  assist  us  in  explaining 
the  necessity  for  these  appendages  to  tlieir  lymphatic 
system  • 

Ever  since  the  complete  discovery  of  the  lacteals. 
and  the  lymphatics,  it  has  been  a  general  opinion, 
both  mth  anatomists  and  physiologists,  that  their 
appropriate  office  was  absorption ;  bnt  it  has  been  a 
very  warmly  contested  point,  whether  this  operation 
was  exclusively  performed  by  these  vessels.  The 
ancients,  who  were  ignorant  of  tlieh:  existence,  sup- 
posed that  the  process  of  absorption  and  transmission, 
80  far  at  least  as  they  had  any  definite  ideas  upon 
the  subject,  was  performed  by  the  veins;  and  in  mo- 
dem times,  after  the  full  discovery  of  the  extent  and 
properties  of  the  lymphatic  system,  it  was  still  snp- 


^  Blumcnbach's  Comp.  Aaat-  by  Lawrence^  cfa*  IS*  p«  256. 
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posed,  that  the  veins  assisted  iu  the  prote^,  and 
I  even,  in  some  cases,  were  the  priBCipal  agents 
This  was  ahnost  the  universal  opinion  until  tl 
iniddle  of  the  last  ceutiury,^  and  is  the  doctrine  whic 
was  strenuously  nKiiutaiucd  both  by  Bocrhaave^  and 
by  Haller.^ 

The  arguments  which  were  employed  by  these  dia 
tinguished  physiologists,  as  well  as  by  the  other  ai 

3  It  would  appear  that  Mai  pig  hi  conjectured  that  the  1 
^haiics  oriijinated  froni  the  glands ;  De  Struct.  Gland,  p 

I  }?uck,  in  consequence  of  tlie  results  of  some  of  his  injeci 
was  led  to  think  that  they  were  immediately  connected  with 
bloo4-%'essels,  Adcnographta,  ch.  4*,  and  this  oplmoa  was  ath\ 
that  time  very  generally  embraced,  Monro  Sec.  in  Ins  trea* 
tise,  De  Venis  Lymph.  Va!v.  p.  H..2l»  ghea  a  most  ^mpl^ 
list  of  references  to  the  authors  who  adopted  this  opiiiiott,  to* 
eluding,  indeed,  almost  all  the  anatomists  of  eminence  previouf 
to  the  period  when  he  wrote- 

4  Fra^lect,  §  103-  L  i.  p,  ^^34- ;  aUo  §  247*  et  «eq.  U  ii*  p.  SOS, 

s  In  note  1  to  J  106  of  Boer.  Prajlect.  1. 1.  p,  21-1,  he  gWcsi 
statement  of  the  question,  and  a  li^t  of  the  authors  who  hsfS 
defended  the  doctrine  of  venous  absorption  ;  see  also  note  1  td 
^  245.  t  ii-  p.  If)7,  and  El.  Phys.  ii.  K  28.  M.  Mageodie  enu* 
merates  Ruyscli^  Buerhaave,  ^leckel,  Swammerdatn,  andllalUr, 
as  the  most  powerful  supporters  of  this  doctrine  ;  Physiol,  t.  il. 
p. 2f58.  Hutfmann  appeitrs  to  have  been  one  of  the  earlieft 
writers  whu  decidedly  maintains  the  opinton  that  absorption  Is 
exclusively  carried  on  by  the  lymplmtics;  51ed.  Hat.  Lib.  {• 
sect.  *2*  ch«  J.  Some  of  the  most  direct  experiments  in  fjivour 
of  venous  absorption  are  those  of  Knaw  Boerhoavc,  who  informs 
us  thiit  fluids  injected  into  the  intesiines,  under  certain  circum- 
stances, were  afterwards  detected  in  the  mesenteric  veins,  De 
Perspir.  §  469.  p.  202,  3 ;  but  the  experiments  are  related  very 
briefly,  and  in  so  general  a  way,  as  not  to  adtnit  of  our  placing 
much  confidcuco  in  thetn. 
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tomists  who  had  preceded  them,  may  be  all  reduced 
to  two  dasses  :  the  first,  and  indeed  those  on  which 
they  were  disposed  to  place  most  confidence,  were 
the  results  of  experiments  which  seemed  to  demon- 
stratCj  that  injections  of  varions  kinds  were  capable 
of  passing  tVom  one  set  of  vessels  to  the  other,  thus 
indicating  that  there  existed  a  natural  and  direct 
communication  between  them.  Tlie  most  skilful 
anatomists  of  that  period  generally  admitted  this 
to  be  the  case ;  and  I  do  not  find  that  the  correctness, 
either  of  the  experiments  or  of  the  deduction  from 
them,  w  as  ever  called  in  question.  The  other  series 
of  arguments,  which,  altliough  indirect,  were  sup- 
posed to  be  of  great  force,  was  derived  from  the  ana- 
tomical fact,  that  in  many  parts  of  the  human  body, 
where  the  eflTects  of  absorption  are  sufficiently  ob- 
vious, no  lymphatics  had  been  detected,  and  still 
farther,  that  there  arc  large  classes  of  animals,  and 
those  possessed  of  an  organization  in  many  respects 
similar  to  the  mammalia,  wlicre  the  absorbent  system 
appears  to  be  wanting.  In  these  eases,  therefore,  it 
seemed  tliat  we  were  reduced  to  the  necessity  of  sup- 
posing that  absorption  was  effected  by  the  veins,  and 
if  it  were  so  in  one  case,  there  was  no  difficulty  in 
extending  it  to  the  rest,  especially  so  far  as  related 
to  other  parts  of  the  same  animal 

The  doctrine  of  venous  absorption  was  first  formally 
attacked  by  Wm.  Hunter  and  Monro  Sec,  who 
seem,  nearly  about  the  same  period,  to  hare  entered 
upon  the  regular  investigation  of  the  subject.''     Witlx 

^  It  ia  a  painfull  yet  necesHary  task,  which  is  tmposetl  uf»on 
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respect  to  the  mode  of  leawming  that  hid  hem  em- 
ployed  by  thdr  predeoesson,  they  endeanmied^  by 


tbe  historian  of  science^  to  notice  thote  penonal 
which  occasionally  take  place,  and  which  freqaently  i 
in  the  right  to  certain  discoveries.  Few  hafe  been  more  acn* 
monious  than  the  one  alluded  to  in  the  text;  the  respective 
claims  of  the  two  parties  may  be  found  in  Wm.  Hunter^a  Me& 
Com.  and  in  Monro's  Obserrationa  Anat.  and  Fhys.^  and  die 
aixth  chapter  of  his  Treatise  on  the  brain.  1  bdiere  I  may 
assert,  that  the  sentiments  of  the  great  majority  of  the  men  of 
science  were  in  favour  of  the  former.  Monro,  in  his  Inaugiiial 
dissertation,  publiAed  at  Edinburgh  in  1755,  p.  25,  and  stiA 
more  explicitly  in  his  Treatise  on  the  lymphatics,  poUished  at 
Berlin  in^l757»  c  12.  p.  556,  deariy  states  his  doctrine  lespecU 
ing  the  non-absorption  of  the  veina;  but  there  appeaia  aofia 
testimony  to  prove,  that  Wm.  Hunter  had,  for  some  years  pre- 
viously, publicly  taught  the  same  doctrine  in  his  lectures,  in  the 
most  decisive  and  unequivocal  manner.  It  was  a  very  natural, 
and  even  a  very  laudable  feeling  in  the  present  Phifesaor  Monro 
to  decline  entering  into  the  merits  of  a  discussion  in  which  his 
father's  character  was  involved,  but  certamly,  as  he  thought 
proper  to  reprint  Black's  letter  to  his  father,  Elem.  v.  ii.  p»  459, 
justice  demanded  that  he  should  likeinse  have  insert^  the  two 
which  the  same  eminent  philosopher  subsequently  wrote  to 
Wm.  Hunter ;  Med.  Com.  p.  22. .  5.  Although  the  connexion  of 
Dr.  Baillie  with  the  Hunters  might  render  hima  aospicioiia  evi* 
dence,  yet,  on  the  other  hand,  his  thorough  knowledge  of  the 
point  in  discussion,  as  well  as  his  well-known  candour  and  im- 
partiality, must  render  his  testimony  of  considerable  value. 
Afler  speaking  of  Wm.  Hunter's  investigations,  Dr*  Baillie  re- 
marks; **  This  discovery  has  been  claimed  by  a  celebrated  pro* 
fessor  of  anatomy  in  Edinburgh ;  but  I  shall  avoid  entering  into 
tbe  dispute.  It  is  enough  to  say,  that  Dr.  Hunter  tanght  this 
doctrine  in  the  year  1747,  six  years  before  the  professor  declares 
himself  to  have  made  the  discovery.  Dr.  Hunter  has,  therefore, 
an  undoubted  claim  to  priority,  whatever  praise  nay  belong  to 
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carefully  repeating  the  experiments,  and  by  observ- 
ing attentively  every  circumstance  connected  with 
them,  to  show  that  where  injections  had  passed  be- 
tween the  veins  and  the  absorbents,  some  rupture  or 
extravasation  had   taken  place,  and  that  when  the 
process  was  performed  with  proper  eare^  and  the  ne- 
cessary allowance   made   for  unavoidable  accidents, 
the  connection   between    the  sanguiferous  and  ab- 
sorbent systems  could  not  be  substantiated.     They 
afterwards  examined,  with  much  assiduity,  the  va- 
rious parts  of  the  body,  where  absorbents  had  not  been 
previously  detected,  and  they  were  successful  in  dis- 
covering them  in  so  many  new   situations,  that  it 
appeared  to  be  a  fair  inference,  that  every  part  is  pro- 
vided with  a  proper  absorbing  apparatus,  although 
the  peculiar  texture  and  appearance  of  the  vessels 
rendered  them  difficult  to  be  demonstrated*^     They 
were  ably  seconded  in  their  labours  by  various  anato* 
mists,  both  in  this  country  and  on  the  Continent, 
who  extended  their  observations  to  other  classes  of 
animals,  and  discovered  an  absorbent  system  in  many 
of  them,  where  it  had  not  been  previously  suspected. 
Among  those  who  were  the  most  successful  in  this 
department  we  may  class  Hewsoii,  who  shared  with 
Monro  the  merit  of  having  first  observed  the  ab- 


any  other  person  for  having  made  the  saine  discovery  without 
assistance** 

7  See  Croikshank  on  the  absorbent  sptem,  Introd*  for  an 
account  of  Wni.  Hunter's  researches  on  this  subject;  Monro 
states  the  result  of  his  investlgatian  in  his  treatbe^  De  Veil* 
Lymph,  Valv.  p,  103» 
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fiorbents  in  fishes,  and  Blascagni,  Sheldon,  and  Cniik- 
shank.* 

In  addition  to  these  investigations,  which  must 
considered  as  principally  intended  to  counteract  tfc 
arguments  employed  liy  preceding  anatomists,  ih 
plain  scope  of  which  was  to  show,  that  the  structur 
of  the  body  did  not  render  it  necessary  for  lis  to  have 
recourse  to  venous  absorption,  experiments  were  per- 
formed for  the  direct  purpose  of  proving  that  the 
veins  are  incapable  of  performing  this  fimction* 
Some  of  the  first  and  most  decisive  of  these  wer^^ 
executed  by  J,  Hunter.  They  consisted  in  fiUingi^ 
portions  of  the  small  intestines  with  milk,  or  some 
similar  kind  of  fluid,  and  retaining  it  there»  so  as 
to  produce  a  degree  of  distention  of  the  part,  tnd 
afterwards  examining  whether  any  of  the  fluid  that 
was  employed  had  entered  the  veins  of  the  intestine 
This  was  said  in  no  instance  to  have  occurred. 
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^  The  controversy  which  took  place  between  Monro  ^coand 
Hevirson,  respecting  the  prmrity  of  discovery  on  this  poms/l 
was  no  less  acrimonioua  than  the  one  mentioned  above  betweeiil 
Monro  and  Hunter;  see  Hewson's  Inquiry^  App.  to.tJbe  l8t,\ 
We  may  presume  that  the  general  sentiment  in  this  case  was  ia 
favour  of  Hewson,  as  the  Royal  Society  prebented  hnn  mttki 
the  Copley  medal  in  1769,  for  his  experiments  on  thia  suhj#ct| 
which  they  would  scarcely  have  donet  had  they  not  auii 
iheni  to  be  original.  Hewsort  a  communications  to  tke  R<i 
Society  are  in  their  volumes  for  1768,  p.  217*  et  «eq* ;  a  paper 
on  the  lymphatics  of  birds»  in  which  he  mentions  that  he  had 
altio  discovered  these  vessels  in  a  turtle  and  ta  finhes;  and  for 
1760,  in  wliich  we  have  two  papers,  the  first  on  the  lympha- 
tics in  a  turtle^  p.  198.  et  aeq.  and  thesecotMl  m  fiahei,  p,  !20l» 
eiaeq. 
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hence  it  was  argued,  that  as  venous  absorption  did 
not  take  place,  under  circumstances  which  seemed 
favourable  to  its  action^  the  veins  were  not  possessed 
of  this  power.^ 

In  consequence  of  the  numlier  of  observations  and 
experiments  of  this  description,  which  were,  from 
time  to  time,  laid  before  the  public,  and  from  various 
physiological  and  pathological  considerations,  all  of 
which  appeared  to  concur  in  confirming  the  ddctrine 
of  absorption  being  exclusively  performed  by  tlie 
lacteals  and  lymphatics,  the  old  opinion  was  daily 
losing  ground,  until  at  length  the  modern  doctrine 
seemed  to  be  fully  established,  in  so  much  that 
there  was  perhaps  no  hypothesis  in  the  whole  range 
of  physiological  science,  which  appeared  to  rest  on  a 
firmer  foundation,  than  that  of  the  non-absorjition  of 
the  veins.  ^ 

It  affords  us,  however,  a  striking  illustration  of 
tbe  uncertainty  of  all  human  knowledge,  and  the 
mutability  of  all  opinions,  even  those  that  seem  to 
be  founded  upon  the  most  direct  and  imequivocal 
evidence,  that  shortly  after  this  unity  of  sentiment 


9  The  ex  peri  menu  are  related  in  Med.  Comment,  c.  5, 
p.  42.  ,8*  Cruikahank  gives  an  abstract  of  them  in  c.  5,  p.  21. 
€t  ieq. ;  lie  remarks,  ••  these  experiments  appear  to  me  perfectly 
conclusive**' 

*  We  have  a  very  judicious  summary  of  the  opinioni  that  had 
been  successively  adopted  on  the  subject  of  venous  absorption, 
given  us  by  Mascagnt,  in  Part  I .  Sect-  *2  and  3,  of  his  great 
work.  He  considered  the  doctrine  of  absorption  being  exclu- 
sively performed  by  the  lacteals  and  lymphatics  as  firmly  esta- 
blished. 
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had  taken  place  among  physiologists*  and  when  all 
controversy  had  ceased,  or  when  the  only  subject  €f 
discussion  was  to  ascertain  in  what  degree  the  dif. 
ferent  anatomists  had  contributed  to  the  estsblisk- 
meet  of  the  doctrine,  it  was  again  called  in  qtiesticm 
by  one  of  the  first  authorities  of  the  age ;  direct  a^ 
periments  were  adduced^  that  bore  the  marki  of 
great  ingenuity  in  their  contrivance,  and  accuracy  ip 
their  execution,  the  results  of  which  were  perhaps  al 
least  as  decisive  in  favour  of  venous  absorptioo,  m 
the  former  had  been  in  support  of  the  opposite  doo» 
trine.  The  labours  of  M*  Alagendie  on  thia  adjtf^ 
to  which  this  observation  refers,  come  to  us  in  sush 
a  form,  as  to  entitle  them  to  the  highest  attcntaoa, 
and  although  on  all  topics  connec^;ed  with  tba  aapiMl 
ceconomy,  where  we  are  principally  to  Aytnj  Wfm 
experiments  performed  on  living  animals,  it  is  neM»- 
•ary  to  he  extremely  cautious  in  forming  <mr  jadff* 
mentt  yet  it  is  in  a  great  measure,  upon  such  fael% 
when  fuUy  established,  and  clearly  developed,  thst 
our  ultimate  conclusions  must  be  founded. 

The  arguments  by  which  the  Hunters  mtiimmmd 
to  establish  their  position,  that  the  process  of  ab- 
sorption was  exclusively  carried  on  by  the  lympkatk 
vessels,  were  derived  partly  from  general  considenk 
tions,  connected  with  the  analogies  of  the  other  parti 
of  the  animal  ceconomy,  and  partly  from  expemeoitl 
performed  for  the  express  purpose  of  proving  tMr 
hypothesis.  Of  these  latter  an  account  has  bed 
given  above,  and  I  shall  only  further  refer  to  tbfli 
far  the  purpose  of  remarking,  that  they  were  cflk 
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oeived  to  be  so  convincing  and  so  perfectly  satisfac- 
tofy,  that  they  were  generally  acquiesced  in  by  ana* 
tomists  and  physiologists,  almost  without  a  sin^e 
exception. 

The  considerations  of  a  more  general  nature,  which 
were  adduced  to  prove  the  exclusive  function  of  the 
lymphatics,  were  principally  two ;  in  the  first  place, 
the  analogy  which  they  bore  to  the  lacteals,  in  their 
physical  properties,  their  anatomical  structure,  and 
their  destination ;  and  as  it  was  admitted  that  absorp- 
tion was  the  appropriate  office  of  the  lacteak,  so  it 
was  concluded  that  the  same  office  must  be  performed 
by  the  lymphatics.  In  the  second  place,  a  variety  of 
fiicts  were  adduced,  in  order  to  show  that  when  the 
system  became  affected  by  the  introduction  of  any 
noxious  substance  into  the  circulation,  a  morbid  state 
of  the  lymphatics  might  be  traced  from  the  part  where 
the  injury  was  inflicted,  along  their  tnioks,  towards 
the  thoracic  duct ;  thus  proving  both  that  some  in* 
Jurious  substance  had  been  received,  and  that  it  had 
been  conveyed  by  these  vessels.  It  was  then  argued, 
that  if  these  vessels  possess  the  power  of  absorption  in 
certain  cases,  and  if  we  know  of  no  other  functioa 
which  they  perform,  it  may  be  inferred  that  the  whole 
business  of  absorption  is  carried  on  by  them. 

The  force  of  the  analogical  argument  appears  to  be 
still  admitted ;  it  is  therefore  upon  the  experiments 
that  have  been  lately  perfonned,  that  the  opposite 
opinion   is  principally  founded ;  it  will  consequently 

kbe  necessary  for  us  to  examine  how  far  they  are  so 
direct,  m  decisively  to  prove  the  point  in  discussion ; 
2  0  2 
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or  whether  they  are  more  to  be  reg^urded^  as  tendiiig 
to  weaken  the  force  of  the  experiments*  tliat  wrt 
formerly  adduced  iu  support  of  the  contrary  docbine 
He  shall  find  upon  inquiry  that  they  bear  upon  boti 
these  positions ;  and  among   those  which  must  fa^ 
classed  under  the  first  denomination,   there  is  o^fl 
which  is  detailed  by  5L  Mageudic,  as  performed  bj 
liimself,  in  conjunction  i^ith  M.  DeUUe^  which  seci» 
to  bo  so  well  contrived,  and  the  results  of  wfakbi  if 
related  by  the  author,  are  so  uneqnivocaU  that  it 
woidd  almost  appear  sufficient  singly  to  substantiate 
the  hyi>othesis.  The  experiment  consisted  in  diiidiflg 
all  the  parts  of  one  of  the  posterior  extremities  of  A 
dog,  except  the  artery  and  the  vein,  the  former  btiiiK 
left  entire  for  the  purpose  of  preserving  the  Ufeof  tbe 
hmb.     A  quantity  of  a  poisonous  substance^  the  Ufii 
tiutc,  was  then  applied  to  the  foot,  when,  in  the  diort 
space  of  lour  minutes,  its  effects  were  rendered  TiiiU< 
upon  the  functions  of  the  animal,  and  in  ten  mmiilei 
it  proved  fatal.     In  this  case  it  was  supposed  tbi 
there  could  be  no  conceivable  communication^  by  wbidi 
the  substance  could  be  conveyed  from   the  exlnntlf 
to  the  central  parts  of  the  system,  except  the  tcni; 
and  heuce  the  conclusion  seemed  to  follow  irrcsistililTt 
that  the  vein  was,  in  this  case,  the  absorbing  v 
In  order  to  render  the  result  still  more  unexi 
able,  a  second  experiment  was  tried,    in  whidi  sml 
leaden  tubes  were  introduced  into  the  artery,  and  th 
vein  ;  and,  after  being  secured  in  their  places  by  Hg> 
tures,  the  vessels  themselves  were  conipletely  dividciL 
so  that  the  two  streams  of  the  arterial  and 
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bloody  respectively,  were  now  the  only  channel  of  com- 
nmnieatiou  between  the  extremity  of  the  limb,  and 
the  body  of  the  animal;  yet,  under  these  circum- 
stances, the  poison  produced  the  same  effect  as  in  the 
former  case.  It  will  be  unnecessary  to  adduce  any 
pjore  experiments  of  this  description ;  for  the  object 
was  so  clearly  defined,  and  the  result  so  unequivocal, 
that  it  has  been  generally  supposed  that  there  could  be 
no  room  for  obiection,  except  such  as  might  depend  upon 
the  want  of  skill  or  accuracy  in  the  operator,  or  upon 
certain  causes  which  always  interfere  with  experiments 
upon  the  living  body,  but  to  wliich  the  one  in  question 
does  not  appear  to  be  particularly  obnoxious.* 

And  with  respect  to  the  other  description  of  experi- 
inents,  those  which  were  perfonned  for  the  purpose  of 
contradicting,  or  invalidating,  the  statements  which 
had  been  brought  forwards  by  J,  Hunter,  we  have 
equally  direct  evidence  in  favour  of  the  modern  doctrine. 
We  are  told  that  experiments,  similar  to  those  of 
Hunter,  have  been  made  by  M,  Flandrin,  but  with 

^  There  is,  ind^^ed,  a  circumstance  connected  with  the  ex-^ 
periment,  which  seems  to  ret|uire  furlhcr  exptunation,  or  in 
which  the  expression  employed  is  somewhat  ambiguonsi.  In 
speaking  of  the  mode  in  which  the  poison  was  applied,  M. 
MageDdie  lays,  that  it  was  "  enfonct-  dans  la  patte"  of  the  dogs ; 
now  if  this  imphes  that  a  wound  was  made  in  the  part»  into  which 
the  anbstance  was  inserted^  it  may  be  conceived  that  a  portion 

I  of  it  would  be,  in  the  first  injitance,  introduced  into  the  veins, 
and  carried  directly  to  the  heart.  This,  howeveft  it  is  evident, 
would  not  be  a  case  of  absorption,  but  simply  of  the  power 
which  certain  bodies  possess  of  uniting  with  the  btood,  and  still 
fetaining  their  speclBc  properties. 
^_ 
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ooBtrary  results ;  and  that  M.  Flandrin's  expefii&eiiU 
l?eTe  repeated  by  M*  Magendie,  and  foood  to  bt  e» 
rect/  We  have  here,  therefare,  the  opposing  teiti« 
mony  of  men,  both  of  them  eminent  for  tbcdr  gencnl 
science,  and  especially  for  their  address  in  expeimm^ 
tal  researches^  If  they  both  stood  upon  equal  graaA 
we  might  fairly  estimate  the  authority  of  Hunter  •• 
equal  to  that  of  his  opponent ;  but  when  we  rdkft 
upon  the  advantage  which,  from  various  csauses,  ao* 
orues  to  every  succeeding  experimentalist,  m^cr  tboii 
who  have  gone  before  him,  the  balance  of  0|RiMk^ 
must  necessarily  incline  to  the  latter.  In  this  M^ 
moreover,  we  are  informed  that  the  experiments  of 
M.  Magendie,  and  his  friends,  were  considerably  itm 
numerous  than  those  of  Hunter ;  and  I  may  {artto 
observe,  that  receiving  each  of  them  as  they  are  giitD 
to  us  by  their  respective  authors,  and  supposing  ^ 
we  may  repose  with  equal  confidence  upon  thrir  eoK 
f ectness,  the  latter  would  appear  to  have  the  advaa^ 
tage,  not  merely  in  their  greater  number,  tart 
likewise  in  the  mode  in  which  they  were  performed. 
I  do  not^  however,  feel  disposed  to  assent  to  tbe 
modem  doctrine  of  absorption,  merely  upon  the  ^th 


t  Physiol,  t.  ii.  p.  1 81 ,  et  seq.  In  takings  vieir  of  the  t 

respecting  the  absorbiDg  power  of  the  veins,  I  hare  eodetf  atari 
to  regard  it,  as  little  as  possible^  as  a  mere  questioQ  ofauibori^* 
I  would  not^  therefore,  assert  that  I  conceive  the  expcrinianii  ' 
Magendie  to  be>  in  themselves,  superior  to  tliose  of  Honlfr;  lal 
BB  they  appear  to  bare  been  inuch  more  numerous,  an^  Uf  ^ 
later  date,  we  may  suppose  them  to  be  eatitMl  ta  mm%  i 
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•f  ejq>erimeiits,  tmtil  they  have  been  fiirther  repeated, 
and  diversified ;  but>  in  the  mean  time«  we  may  go  no 
far  as  to  assert,  that  venous  absorption  is  neither  im- 
possiblet  nor^  perhaps,  antecedently  improbable ;  and 
that  with  the  evidence  which  we  now  have  in  its 
favour,  we  can  admit  of  no  physiological  hypothesis, 
or  train  of  reasoning,  which  necessarily  involves  its 
non-existence** 

4  A  summary  of  the  experiments  and  arguments  ofM.  Magen- 
die^  in  favour  of  the  doctrine  of  venouG  abAorption^  are  contained 
10 hit  Memoir  '^ Sur  lea Organes del* Absorption ;'  Joum*  PhysioL 
t.  i.  p.  18^  et  eeq.)  an  abstract  of  which  is  given  in  his  Elem.  Phys* 
t«  ii.  p.  2SS. .  24S.  He  concludefi  his  obiervations  with  the  three 
£»Ugwing  positions:  "J*  Jt  is  certain  that  the  chytifefous 
vessels  (lacteals)  absorb  chyle*  %  It  ii  doubtful  whether  they 
absorb  any  thing  elee*  3.  It  is  not  proved  that  the  lymphatic 
vessels  possess  the  power  of  absorption,  and  it  is  proved  that  the 
veins  have  this  power."  The  same  conclusiooi  so  far  as  respect! 
the  mesenteric  absorbents^  is  the  direct  inference  from  the  late 
experiments  ofTiedemann  and  Gmetin,  of  which  an  account  will 
ba  given  below.  BicJiat  states  the  arguments  that  have  been 
urged  against  venous  absorption,  and  admits  their  force ;  jet  he 
is  not  disposed  to  decide  against  the  doctrine ;  An  at.  Gen. 
**Sy6t.  Absorb/*  t.  ii.  p.  104-,  5,  His  commentator,  Beclard, 
embraces  the  opinion  more  decidedly,  p.  I30«  One  of  the  most 
intelligent  defenders  of  the  doctrine,  among  the  contempora- 
rifis  of  Hunter,  was  Meckel ;  see  his  treatise,  De  Fin.  Yen.  ao 
Vas.  Lymph.,  written  in  177^-  We  have  a  fair  view  of  the  stato 
9f  the  question,  as  it  stood  between  SO  and  40  years  ago,  in  the 
Edinburgh  Syslemof  Anatomy,  vJii.pt.  6.sect,8,§  2.p.2S6. ,  245* 
See  also  some  sensible  observations  in  Hewson's  Inq,  v,  L 
c.  9,  It  appears,  both  from  his  work  and  from  Monro*s,  that 
the  result  o(  injections  was  the  principal  argument  employed  at 
that  time  to  prove  absorption  by  the  veins,  an  argument  whitk 
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But,  whatever  conclusion  we  may  be  induced  to 
form  respectiBg  the  office  of  the  veinsv  or  the  share 


would  be  most  satisfactory,  could  we  prore  that  no  rupture  or 
extravasation  had  taken  place;  but  in  consequence  of  the  p«0^ 
petual  liability  to  fcuch  accidents^  it  must  be  regarded  as  of  &  very 
equivocal  nature.  The  analogy  of  the  lymphatics  with  the  Iio> 
teals,  and  the  effect  of  the  absorption  of  deleteriout  subitaot^, 
are  the  proof*  on  which  Ileweon  principally  rests  hU  opinioti. 
This  circumstance  is  also  inaisted  upon  by  Cruikshanlc,  nHio  rf» 
marksi  that  in  the  absorption  of  poisons,  it  is  the  lymphatlcn,  lad 
not  the  veins,  that  are  inilamed ;  On  the  Absorbent  SjftctB, 
p.  28.  A  remark  of  the  same  kind  is  made  by  Mr.  Bell ;  Aimt.  v*  it. 
p.  303j  he  says,  indeed,  that  the  veins  do  occasionally  beconuf 
inflamed,  but  that  they  are  much  less  liable  to  inflammation  thtn 
the  lymphatics.  It  has  been  urged,  as  a  proof  of  absorption 
being  carried  on  by  the  lymphatics,  that  this  process  continues 
for  a  considerable  time  after  the  circulation  has  ceased*  Bichtc 
limits  this  period  to  two  hours;  ubt  supra,  t.  ii«  p.  118;  but  it ii 
supposed  by  many  anatomists  to  remain  for  a  considerably  greater 
length  of  time.  It  is  necessary  to  observe,  that  although  M*  Mi* 
gendie  conceives  that  the  lacteals  have  the  power  of  absoihuif 
chyle,  and  probably  are  the  principal  agents  in  this  operatioD* 
yet  he  performed  a  series  of  experiments*  In  conjunciiim  v«tfc 
M.  Detille,  the  results  of  which  convinced  him  thai  tite  mescn- 
Seric  veins  also  possess  this  power ;  see  Journ.  Physiol.  I.  i.  p.  21 
et  seq ;  also,  Elem.  PhysioL  t.  ii.  p.  183. ,  .5.  The  expemenl 
consisted  in  detaching  a  portion  of  the  small  intestines  from  tk 
remaining  part  of  the  laual,  in  dividing  all  its  lacteals  and  itf 
btood-vesiieb,  except  one  artery  and  one  vein;  a  deletertous  tfaid 
was  then  Injected  into  the  divided  intestine,  and  after  a  certtia 
interval,  the  effects  of  the  poison  were  manifested  in  the  systOB* 
Without  intending  to  throw  the  least  reflection  upon  the  fidfilitj 
of  the  narrator,  or  the  skill  of  the  experimentali&t,  I  ftiMMK  but 
remark^  that  I  conceive,  in  so  complicated  an  operation,  it  would 
be  impossible  lo  guard  against  various  sources  of  iiyiccurac;i 
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which  they  possess  in  absorption,  it  appears  a  well* 
Mtablished  principle,  that  the  only  use  of  the  lacteals 
and  the  lymphatics,  is  to  absorb  certain  substances 
that  are  presented  to  their  orifices ;  it  will  now,  there- 
fore, remain  for  us  to  inquire,  what  is  the  distinctive 
function  of  each  of  these  systems  of  vessels,  or  what 
is  tlie  natnre  of  the  substance  which  they  each  of  them 
respectively  absorb  ?  IVith  regard  to  the  lacteals, 
the  question  is  easily  answered ;  the  only  substance 
which  they  are  destined  to  receive,  is  the  chyle  j  and 
they  appear  to  be  the  only  vessels  which  are  ever  em- 
ployed in  conveying  this  substance  from  the  intestines, 
where  it  is  produced,  to  the  thoracic  duct.^     We  may, 

that  would  etscntially  interfere   with    the   inference  thut  we  J! 

most  draw  from  the  experiment*  | 

5  It  is  not  intended,  by  this  observation,  to  deny  absolutely  | 

that  extraneous  substances  are  never,  under  extraordinary  cir- 
cumstances, admilted  into  the  lacteals.  The  earlier  experimental 
phyiiologlsts  generally  agreed,  that  colouring  substances  might  be 
detected  in  the  chyle  ;  this  was  especially  the  case  wilh  Lister  and 
Muigrave's  experiments  on  indigo;  Phil.  Trans,  for  16BS,  No*  143. 
p.  6;  and  for  1701,  No.  270.  p.  819.  No.  275.  p.  996;  and,  what 
b  more  important,  their  results  were  confirmed  by  Haller; 
who  informs  us^  that  he  repeated  the  experiments  with  success ; 
£1.  Phys,  xxiv.  ^.  S.  This  is  also  stated  as  the  result  of  J,  Hun* 
ter's  experiments;  Med,  Comment,  p*  4'4-.  et  seq. ;  and  Cruik- 
shank  assents  to  the  opinion;  On  the  Absorbents,  c.  S.  Rut  it 
is  generally  agreed  that  the  power  of  these  vessels  in  admiuing 
the  introduction  of  extraneous  substances  is  very  limited;  and 
the  late  experiments  of  MM.  Magendle,  Flandrin,  and  Dupuy- 
iren,  tend  to  show,  that  even  this  very  limited  power  does  not 
exist;  see  Physiol,  t.  ii.  p*  168,  9 ;  where  it  is  stated,  as  the  re- 
sult of  direct  experiment,  that  when  alcohol,  camphor,  kc.  are 
mixed  with  the  foodi  the  i emible  properties  of  these  tubiuuioei 
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thereforci  consider  the  lacteals  as  the  hnmedUte  agMt 
in  nutrrtion,  by  which  the  matter^  after  being  didjr 

are  detected  in  the  bloody  but  never  in  tbe  chyle*    The^e 
peri  merits,  I  may  observe,  are  directly  opposed  to  those  ofH 
ter;  while,  on  the  other  hand,  we  are  informed,  that  they  agi 
with,  the  results  which  had  been  obtained  by  Haile  ;  see  Fai 
Cfoy,  Syst*  ▼♦  x,  p*  91,     We  have  also  a  similar  kind  of 
ment  stated  in  a  general  way»  in  the  Edinburgh  Med.  Joum.v.  lix. 
p.  154, 5 ;  where  a  quantity  of  starch  and  mdigo  was  conEoed  ia 
a  portion  of  the  intestine,  when  it  was  founds  upon  examination, 
that  none  of  it  had  entered  the  lacteals.    We  have,  also,  a  rerj 
elaborate  train  of  experinients  by  the  active  and  tntelligetic 
iiologists,  Tiedemann  and  Gmelin,  which  appear  to  hata 
conducted  with  great  attention  to  every  circumstajKa  tiiat 
affect  their  accuracy,  the  results  of  which  contirm  the  condl 
sions  of  M.  Magendie.     Their  object  was  to  ascertain  whei 
any  direct  communication  exists  between  the  digestite 
and  the  blodd*ves£els^  except  through  the  route  of  the  lacti 
and  the  thoracic  duct.     The  experiments  consisted   in 
with  the  food  of  certain  animals,  various  odorous,  colaunsf  # 
saline  substances^  which  might  be  easily  detected  by  their 
sible  or  chemical  properties^  and>  in  companog,  after  a 
interval  of  time,  the  state  of  the  chyle  with  that  of  the 
the  Various  mesentenc  veins.    The  odorous  substances 
were  camphor,  musk,  alcohol,  oil  of  turpentine,  and 
these  were  generally  found  to  be  retained  in  the  sytteto,  to  ii 
to  be  detected  in  venous  blood,  and  to  the  urine,  but  not  in 
the  chyle.     The  colouring  matters  were  sap-greeo,  guehogc^ 
madder,  rhubarb,  alkanet,  and  litmus ;  these  appeared,  for  the 
most  part,  to  be  carried  off  without  being  absorbed ;  while  ibt 
salts,  vi^,  potash,  sulphuro-prussiate  of  potash,  muriate  ofbarytii^ 
muriate  and  sulphate  of  soda,  acetate  of  lead  and  ofiBefcarff 
and  prussiate  of  mercury,  were  less  uniform  in  their  ccmiae.    A 
considerable  portion  of  them  seemed  to  be  rejected,  while 
of  them  were  found  in  the  urine,  several  in  the  ToaoUi  blood|  iai 
a  very  few  only  in  the  chyle.    Hence  ibe  aulhofe 
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elaborated  in  the  digestive  orgaBs,  is  transmitted  to 
the  blood,  for  the  purpose  of  being  assimilated  to  this 
fluid,  and  finally  employed  in  repairing  the  waste  that 
is  necessarily  occasioned  by  the  separation  of  the 
various  secretions. 

With  respect  to  the  lymphatics,  although  it  would 
appear  that  they,  at  all  times,  contain  a  greater  or 
less  quantity  of  the  transparent  fluid,  from  which  their 
name  is  derived,  yet  we  have  reason  to  suppose  that 
their  contents  are  of  a  more  miscellaneous  nature  than 
those  of  the  lacteals.  If  we  adopt  the  Hunterian 
hypothesis,  we  must  suppose  that  all  the  constituents 
of  the  body,  as  well  as  a  variety  of  other  substances, 
which  are  either  intentionally  or  accidentally  placed 
in  contact  with  the  extremities  of  the  lymphatics,  are 
capable  of  entering  into  them,  and  of  being  conveyed 
along  them  to  the  thoracic  duct.  And  if  we  embrace 
the  opinion  of  M.  Magendie,  that  the  function  of  ab- 
sorption is  divided  between  the  lymphatics  and  the 
veins,  or  even  principally  carried  on  by  the  latter, 
there  are  many  morbid  phenomena,  which  seem  to 
prove  that  extraneous  bodies  of  various  kinds  are  ca- 
pable of  passing  along  them.'^  How  far  the  substance 

the  odorous  and  colour mg  substances  never  pass  mio  the  lacteak, 
mad  that  lahne  bodies  do  so  occaBionally  only,  or  perhaps  inciden- 
tally; the  whole  of  them  are,  however,  found  in  the  secretions, 
and  they  roust,  therefore,  have  entered  into  the  circulation  by 
Bome  other  channel  than  the  lacteals^  Edin.  Med,  Joum,  v.  &vii« 
p,  455.  et  seq. 

^  It  is  obvious  that,  upon  the  hypothesis  of  M.  Magendie,  this 
variatioe  will  not  take  place  in  the  coateatft  of  the  lympbadcSp 
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which  is  conveyed  by  the  l3niiphatics  way  occasionaUy 
serve  for  the  purposes  of  nutrition,  it  is  not,  perl 
very  easy  to  ascertain ;  but  we  may  venture  to 
that  nutrition  is  not  tlieir  sole,  or  even  their  prima 
function.     This,  we  can  scarcely  doubt,  is  the  af 
priate  office  of  the  chyle ;  and  although  it  may 

or  at  least  in  a  much  less  degree.  And  it  must  be  admitted  tki 
the  properties  of  the  lymph  seem  to  be  more  UDifonn  than  i 
have  been  expected^  had  it  been  compofied  o^  or  formed 
all  the  different  constituents  of  the  body.  According  to 
Magendte^  it  bears  a  strong  analogy  to  ch^le,  especially  in  i 
chflracteristic  property  of  separating  by  rest  into  two  parts^ 
more  solid  and  fibrous,  and  another  which  remains  fluid, 
more  resembles  albumen;  PhysioL  t,  li.  p.  17 It  2,  M.  Cb 
reul  has  given  the  following  analysis  of  the  lymph  of  a  dog;  ibid 
p.  17B: 

Water 9264 

Fibrin ..••••*••.       i*2 

Albumen •'••••..,,     6i* 

Muriate  of  Soda .       6*1 

Carbonate  of  do 1*8 

Phosphate  of  Lime "\ 

Do.       of  Magnesia , .   V         -5 
Carbonate  of  Lime  . . , .  J 
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Mascagnif  hovrever,  says,  that  the  l}iTiph  is  not  iinifonntiidlj 
^partSf  but  that  it  partakes  of  the  properties  ot  the  eg 

substances,  liile>  fat,  &c.     Vos.  Lymph,  liist.  p.  L  §  i.  p« 
I  A  limilmr  opinion  is  maintatned  by  Blumenbach,  Inst.  Phy 
I  §  438.  p.  257 «    Hoffintiann's  Observations  on  the  Lymph, 
ji.ftidering  the  period  when  they  were  writteU|  are  not  wiclie<flt| 

their  value;  Med.  Hat.  lib.  h  k  %  ch/m* 
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admitted,  that  under  peculiat  curcumstaBces,  or  for 
a  limited  period^  the  lyniph  may  contribute  to  the 
8upi>ort  of  the  system  ;  yet  every  analogy  would  in- 
duce ns  to  suppose  nutrition  to  be  no  more  than  a 
temporary,  or  secondary  office  of  the  lymphatics. 

We  are  indebted  to  J*  Hunter  for  the  first  consis- 
tent hypothesis  upon  this  subject ;  and  I  conceive  that 
it  must  be  regarded  as  one  of  the  most  important 
physiological  doctrines  which  we  owe  to  liis  genius^ 
He  conceived  that  the  primary  use  of  the  lymphatics 
is  to  mould  and  fashion  the  body,  so  as  to  give  it  its 
proper  form,  and  to  enable  it  to  increase  in  bulk, 
while  its  individual  parts  retain  their  appropriate 
figure,  and  proportionate  size*  When  we  refiect  npon 
the  mode  in  which  an  organizetl  part  is  enlarged,  we 
perceive  that  it  does  not  grow  by  accretion,  like  a 
crystal,  nor  by  simple  distention,  a  process  which  is 
inconsistent  with  its  texture,  and  the  nature  of  its 
compositJon.  We  shall  find,  on  the  contrary,  that 
it  grows  by  an  increase  of  each  individual  part  of 
which  the  whole  structure  is  composed-  With  respect 
to  the  muscles,  for  example,  the  number  of  fibres  are 
angTiiented,  at  the  same  time  that  each  individual 
fibre  is  increased  in  size,  that  the  same  thing  takes 
place  mth  respect  to  its  tendinous  extremities,  and 
the  other  membranous  parts  that  are  dispersed  through 
its  body ;  so  that  if  we  compire  the  structure  and  com- 
jiosition  of  the  corresponding  muscles  in  their  differ- 
ent periods  of  growth,  we  shall  find  tlie  same  general 
relation  between  its  parts,  with  regard  to  their  si^e 
and  situation,  at  the  same  time  that  the  bulk  of  each 
is  increased. 
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The  same  position  i%  perhaps,  still  better  Uhisliilil 
by  obgerving  what  occurs  mtk  respect  to  the  booet. 
We  observe  the  bone  of  a  young  animal  to  pomv 
a  characteristic  shape,  to  have  a  certain  number  «f 
projections  and  depressions  in  its  different  parts*    If 
we  examine  the  same  bone  in  the  adult  anin)al» 
ehall  find  a  general  correspondence  between  the 
of  both  ;  we  have,  for  the  most  part,  the  same  nmn 
of  projections,  and  bearing  the  same  relation  to 
ether.     But  it  is  obvious  that  this  change  of 
would  not  have  been  effected  by  the  accretion  of 
matter  to  the  original  bone,  nor  by  the  distention  of  th^ 
yarts  already  existing ;  in  short,  the  only  way  in  wlikh 
St  eould  have  been  brought  about»  is  by  the  removal 
of  the  particles  of  which  the  young  bone  wag  foimedr 
and  the  gradual  deposition  of  others  in  their  proper 
situations,  so  as  to  produce  the  adult  bone.     Now,  an 
operation  of  this  kind  can  have  been  effected  by  oi 
means  with  which  we  are  acquainted,  except  by  dv 
sorption ;  and  hence  we  conclude  that  the  lymphatics 
alone,  or  at  least  in  conjunction  with  the  V€i]i%  wn  tht^ 
agents  employed  for  this  purpose.  ^ 

The  action  of  the  absorbents  is  still  more 
displayed  in  many  morbid  states  of  the  sytteniy 

7  A  good  ylewot  this  bypotbeBis,  as  well  as  of  the  opinioopf 
which  were  at  that  period  sanctiooed  by  the  most  eminent  auato- 
mistdofthe  age,  may  be  found  in  Winterbottom*s  Iniug.  Diss.,'] 
published  in  1731  ;  Tlies*  Med.  t.  it.  p,  26S»  et  seq,;  iIm  ^df\ 
refereoce   which  be  gives  is  to  Hunter^s  lectures.    Set  9kt$i 
Cnitkshank  on  the  Absorbing  Vessels,  p.  lOS^  9.    l*be  da 
was  very  admirably  laid  dotm  by  Mr.  AlleOi  in  hta  X^ctur«»  os  ^ 
the  ADimal  (Economy, 
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the  effects  are  more  risible  to  the  eye  than  in  the  «s 
dinary  operations  of  the  body  in  its  natural  and 
healthy  state.  Whenever,  from  any  cause,  an  effusion 
of  a  fluid,  or  a  deposition  of  a  solid,  occurs  in  an  un- 
natural situation,  we  find  that  these  extraneous  sub- 
stances are  gradually  remored.  We  also  obsenre 
that  parts,  even  while  in  their  natural  situation,  nre 
capable  of  being  removed  by  the  action  of  pressiu^ ; 
where  the  source  of  supply  is,  by  any  means,  cut  off 
from  a  part,  even  although  the  part  itself  is  not 
otherwise  affected,  its  particles  are  gradually  ab- 
stracted, nntil  it  finally  becomes,  in  a  great  measnre, 
obliterated.  The  examples  that  we  have  of  this  kind 
arc  often  very  extraordinary,  as,  for  example,  where 
we  find  the  pressure  of  a  soft  part,  such  as  the  pulsa- 
tion  of  an  artery,  or  of  an  aneurysmal  tumour,  sufficient 
to  wear  down  the  texture  of  the  hardest  Ixme. 

The  lymphatics,  with  or  wthout  the  aid  of  the 
veins,  are  the  only  agents  which  can  be  supposed  to 
produce  these  effects,  yet  the  substances  which  com- 
pose them,  or  the  fluids  which  they  contain,  cannot 
act  as  direct  solvents  of  the  bones,  because  they  arc 
not  brought  into  contact,  nor,  if  they  were  so,  are  they 
adapted  for  this  kind  of  action.  The  removal  of  the 
component  parts  of  the  bocly,  by  means  of  the  absor- 
bents, we  find  to  bear  no  relation  either  to  the  me- 
chanical texture  of  the  parts ;  nor,  so  far  as  we  can 
judge^  to  their  chemical  composition.  Thus,  if  a  pul- 
sating tumour  be  so  situated  as  to  press  at  the  same 
'     time  upon  a  bone  and  a  muscle,  wc  shall  find  that 

the  emthy  part  of  the  one,  and  the  fibrin  of  the  other,  ! 

will  be  removed ;  while  the  membranous  part  remains, 
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ia  either  case,  little  affected.  If,  however^  the  pres- 
sure be  still  continued,  the  membranous  basis  begins 
to  be  absorbed ;  thus  exhibiting  the  singular  fact  of  a 
body,  while  in  a  soft  and  flexible  state,  wearing  down 
a  similar  substance  in  a  more  dense  and  compact  form* 
This  property  in  the  absorbents  seems  to  be  obviously 
connected  with  that  principle  in  the  animal  economy, 
to  which  I  have  so  frequently  had  occasion  to  lefer ; 
that  the  matter  of  which  the  organs  of  the  body  txt 
composed,  during  the  performance  of  their  ^'atioiis 
functions,  undergo  some  change,  which  repdeni  it  no 
longer  fit  for  its  original  purpose ;  and  that  it  tbexe- 
fore  becomes  necessary  for  it  to  be  removed,  and  for 
new  materials  to  be  deiwsited  in  its  place.  We 
seem  to  have  no  means  of  forming  even  a  plausibk 
conjecture  concerning  the  nature  of  thia  cbangei 
whether  it  be  chemical  or  mechanical,  but  whate^ef 
it  be,  we  may  conceive  that  an  important  secondary 
purpose  is  served  by  it,  viz.  the  one  which  has  been 
described  abovcj  that  of  moulding  the  form  of  tbs 
body,  and  regulating  its  increase.  Hence  we  anm 
at  the  conclusion,  that  the  tacteals  and  the  lymphatici 
are  both  of  them  essential  to  the  growth  of  tlie  bodv, 
although  in  a  different  way  ;  the  lacteals  proaire  the 
materials,  and  convey  them  into  the  blood,  wbeiioe 
they  are  abstracted  by  the  secretory  arteries,  wliifc 
the  lymphatics  regulate  the  mode  of  their  depofiilioo, 
and  contribute  to  reduce  the  parts  into  their  prapef 
form  and  dimensions.  Upon  this  principle  we  can 
comprehend  the  mode  in  which  an  organized  body 
may  increase  in  size  and  receive  the  addition  of  Acvr 
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nattar,  inthont'  affecting  the  relation  between  its 
iodinioal  parts,  an  olgect  whidi  could  not  possibly 
be  aoeomplished  by  the  mere  addition  of  new  par* 
tidei^  ia  whatever  way  they  were  added  to  the  former, 

widMmt  these  being,  at  the  same  time,  removed.* 

...  >• 

§  S.  Mode  in  which  the  Absorbents  act. 
hi  coosideiing  the  mode  in  which  the  absorbents 
act,  tbcfeaie  two  distinct  sulijects  that  present  them- 
adves  fon  oar  inquiry ;  how  do  the  substances  enter 
the  mouihs  of  the  absorbents,  and  how,  after  they 
lunre  entered^  are  they  conveyed  along  the  trunks? 
WHh  respect  to  the  lacteals,  I  have  described  the 
peculiar  apparatus,  which  is  said  to  be  attached  to 
thcSr  months,  called  vOli,  consisting  of  a  number  of 
amaH  vessels^  that  are  so  disposed,  as  to  be  brought 
inlo'daect  contact  with  the  substances  which  are 
infandcd  to  enter  them.  It  has  been  generally  sup- 
poaed  that  the  fluids  enter  the  villi  upon  the  prin- 
ciple' of  ci^nllary  attraction,  and  that  the  olrject 
of  thia  peculiar  structure  is  to  obtain  a  number 
of  ^iiese^  capillary  ve^ds,  whidi,  in  consequence  of 
their  minuteness,  may  be  more  active  in  the  process 

*  Fto£  Monro  Tert.  gives  a  simunary  Tieir  of  the  functioDi 
of  the  Ijniiphatict  in  bis  Elements,  ▼.  ii.  p.  596,  9,  which,  upon 
tbe  hypothesis  of  the  non-absorbing  power  of  the  veins,  is  just 
and  eomprehensive,  except  in  regard  to  the  share  which  they 
have  JA  regulating  the  growth  of  the  body;  the  same  omission 
ooGUva  in.  Blumenbach*s  account  of  Absorption;  Inst.  Phys. 
wect:  29.  Cruikshaok  enters  fully  into  the  proofs  of  the  absorp- 
tion of  solids,  and  the  inquiry  into  the  mode  in  which  it  is 
aGooaidisbed;  On  the  Absorbing  System,  p.  108,  et  seq. 
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of  absorption.^  This  suppodtion .  is  iiot»  honerar, 
without  its  difficulties.  The  structure  and  phyaol 
properties  of  these  \illi  have  been  thought  not  to  be 
peculiarly  well  adapted  for  the  purpose  of  this  species 
of  attraction,  if  we  are  to  suppose  that  it  operates  ia 
the  same  manner  in  them,  as  it  does  in  rigid  or 
inorganic  tubes.  But  before  we  can  form  a  dedded 
judgment  upon  this  point,  we  must  determine  enctly 
in  what  sense  we  are  to  employ  the  term  capllary 
attraction;  whether  we  are  to  refer  it  merely  to  a 
mechanical  action,  or  whether  we  are  to  suppose  that 
there  is  an  attraction  between  the  tube  and  the  flmd, 
of  a  kind  which  maybe  termed  dcetiTe,  whether  it 
has  the  power  of  taking  up  some  substanoea  in  pn» 
ference  to  others,  although  possessed,  as  &r  as  we  csA 
perceive,  of  the  same  physical  properties. 

There  are  many  circumstanoes  connected  vith  the 
lacteals,  which  lead  us  to  conclude  that  iheymutam 
to  a  certain  extent,  this  power  of  selection^  and  thst 
there  is  a  specific  attraction  between  the  veesel  and 
the  fluid,  which  causes  the  latter  to  enter  into  the 
former/    So  far  as  we  are  able  to  judg^  when  ftt^ 

9  Boerhaave  supposed  that  the  peristaltic  motion  of  the  in- 
testines had  a  considerable  influence  in  propeUing  tiio  chyle 
into  the  mouths  of  the  lacteals;  Prselect.  §  lOS.  U  L  p.iSS,4< 
but  I  conceive  that  this  would  be  as  likely  to  produce  ai 
opposite  effect. 

I  Most  of  the  eminent  modem  physiologiats  admit  of  acv* 
tain  species  of  elective  attraction,  although  they  difer  Mmflvhsl 
respecting  its  extent  and  its  relation  to  the  other  vital  powtrk 
Bicliat  conceives  that  absorption  is  a  vital  actiouy  in  whieh  theieii 
a  relation  between  the  vessel  and  the  fluid,  which  is  of  an  dedhrt 
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matter,  without  affecting  the  relation  between  its 
individual  parts,  an  object  which  could  not  possibly 
be  accomplished  by  the  mere  addition  of  new  par- 
ticles, in  whatever  way  they  were  added  to  the  former, 
wthout  these  being,  at  the  same  tinie,  removed.** 

mikt     §  3,  Mode  in  which  the  Absorbents  act. 

I  In  considering  the  mode  in  which  the  absorbents 
act,  there  are  two  distinct  subjects  that  present  them- 
selves for  our  inquiry ;  how  do  tlie  substances  enter 
the  mouths  of  the  absorbents,  and  how,  after  they 
have  entered,  are  they  conveyed  along  the  trunks  ? 

I  With  respect  to  tlie  lacteak,  I  have  described  the 
peculiar  apparatus,  which  is  said  to  be  attached  to 
their  mouths,  called  villi,  consisting  of  a  number  of 
small  vessels,  that  are  so  disposed,  as  to  be  brought 
into  direct  contact  with  the  substances  which  arc 
intended  to  enter  them.     It  has  been  generally  sup- 

I  posed  that  the  fluids  enter  the  villi  upon  the  prin- 
ciple of  capillary  attraction,  and  that  the  object 
of  this  peculiar  structure  is  to  obtain  a  number 
of  these  capillary  vessels,  which,  in  consequence  of 
their  minuteness,  may  be  more  active  in  the  process 

*  Prof.  Monro  Tert.  gives  a  summery  view  oC  tlie  function* 
of  the  lymphatics  in  his  Elementu,  v.  ii,  p.  598,  9,  which,  upon 
the  hypothesis  of  the  non-absorbing  power  of  the  veins,  b  just 
and  comprehensive,  except  in  regard  to  the  share  which  they 
have  irt  regulating  the  growth  of  the  body ;  the  same  omission 
occurs  in  Blumenbach's  account  of  Absorption;  Init.  Phys. 
sect.  29*  Cruikshaok  enters  fully  into  the  proofs  of  tlie  absorp- 
tion of  &olids,  and  tlie  inquiry  into  the  mode  in  which  it  is 
accomplished;  On  the  Absorbing  Sy§temj  p*  lOS,  et  scq. 
fc        VOL*  It,  2  ? 


680 


Attraciion  heiwem  the  months 


exists  between  the  vessel  and  the  partides,  and  that 
a  certain  vital  action  must,  at  the  same  time^  be  ex- 
ercised by  the  vessel,  connected  with,  or  depending 
upon  its  contractile  power,  which  may  enable  the 
particles  to  be  received  within  the  vessel,  after  they 
have  been  directed  towards  it.  This  contractife 
power  may  be  presumed  to  consist  in  an  alternation 
of  contraction  and  relaxation,  such  as  is  supjiosed  to 
belong  to  all  vessels  that  are  intended  for  the  pro- 
pulsion of  fluids,  and  which  the  absorbents  wouM 
seem  to  possess  in  an  eminent  degree.^ 

The  conclusion  which  would  follow  from  this  view 
of  the  subject  is,  that  an  attraction  exists  bctwefn 
the  mouths  of  the  lacteals  and  the  chyle,  whidi 
to  be  analogous  to,  or  identical  with,  the  el 
attraction  which  unites  different  chemical  subetliwft 
that  the  lacteals,  as  well  at  their  extremities  » 
through  their  whole  extent,  are  possessed  of  ootitm* 
tility,  by  which  the  fluids,  when  they  haw  cmcc 
entered,  arc  propelled  along  them^  an  effect  whidii* 


twefD 
sccwj 


a  Sheldon  remarks,  "  that  they  are  the  most  irrilaUc  of  »y 
system  of  vessels  in  the  humiio  body;'*  On  ihe  AbsorbentlifK^ 
Dr*  Young,  on  the  contrary^  eeema  to  doubt  whetlier  tfio  absof- 
bent  vessds  posse&s  any  peristaltic  motion^  and  isindiocdio 
ascribe  the  whole  effect  to  capillary  attractioo;  he  clUidi 
analogy  of  the  lachrymal  duct,  the  contents  of  which  b9  OQi^ 
ceives  are  propelled  entirely  by  capillary  attraction,  the  Ak* 
itself  being  altogether  passive;  Med.  Lit*  p.  112.  MiKy 
supposes  that  they  dio  not  possess  contractUityt  becatise  beonU 
not  detect  the  fibres  ;  Vas.  Lymph.  Hist.  pU  I*  aect.  4.  p.  ^t^ 
Cruib»haiik  supports  the  doctrine  of  the  irritability  (cODitmctffit;^^ 
of  the  absorbeutji;  On  the  Absorbent  System,  c*  12. 
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probably  promoted  by  the  pressure  of  the  neighbour- 
ing parta,  while  the  numerous  valves,  with  which 
they  are  furnished,  prevent  the  retrograde  motion  of 
their  contents.^ 

Our  inquiries  have  been  hitherto  more  immediately 
directed  to  the  action  of  the  lacteals  ;  we  must  now 
examine  how  far  we  are  to  suppose  that  a  similar 
kind  of  action  takes  place  with  respect  to  the  Ijin* 
phatics.  There  is,  perhaps,  in  lliis  case,  an  additional 
difficulty  concerning  the  extremities  of  tlie  vessels, 
and  the  mode  in  which  their  contents  are,  in  the  first 
initance,  received  by  them,  for  there  is  reason  to 
suppose  that  the  transmission  of  the  fluids  themselves 
is  conducted  upon  the  same  plan  with  that  of  the 
lacteals,  WiUi  respect  to  their  extremities,  as  w^e  are 
not  able  to  trace  them  to  their  commencement  by 
our  anatomical  examinations,  we  can  form  no  judg- 
ment except  from  analogy,  and  when  we  consider 
how  very  little  is  actually  known  respecting  the 
moutlis  of  the  lacteals,  it  will  appear  tliat  analogy, 

5  This  .was  in  substance  the  doctrine  of  Hallcr ;  Prim,  Lin, 
c.  25*  {568.  He  supposes  that  the  fluldji  enter  by  capillary  at^ 
Iraction,  aided  by  ihe  peristaltic  mot  ion  of  the  intes  tines ,  ai^d 
that  the  contents  are  afterwards  carried  forwarda  by  the  con* 
tractile  force  of  the  ve&seiB,  MM^Tiedemanu  and  Gineiin,  in  the 
valuable  dissertation  to  which  I  have  referred  abovej  maintain 
that  the  absorbents,  as  well  as  the  blood  vessels,  possess  a  vital 
power,  by  which  they  propel  their  contents,  but  which  is  diHerent 
from  irritability  (contractility)*  Tliey  promise  to  enter  into  the 
explanation  of  this  supposed  contractile  power  at  fome  future 
period  ;  as  I  am  not  aware  that  this  has  yet  been  done>  I  forbear 
to  make  any  observations  upon  their  hypothesis. 
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in  this  instftnce,  can  teoiody  aflbid  w  my 
anoe.  We  aie  in  fact  in  almoBttotaligiMiraiiee  iboit 
the  whole  suhject ;  we  do  not  know  ktImm  A«f  ait 
situated,  with  what  parts  they  are  eooflMted^'hoir 
they  are  brought  into  oMtaet  with  the  fHhitntees 
which  they  receiTe,  nor  by  what  power  th^y  na  m* 
aUed  to  take  them  up. 

There  appears  likei?ise  to  he  mneh  now  difldrity 
in  ascertaining  the  nature  of  tile  contents  ef  Ae 
lymphatiea  than  of  the  lacteals.  The  lynpli,  lo  ftr 
u  it  has  been  made  the  subject  dTaetllilJBXIttidnAtkii, 
is  said  to  be  nearly  uniform  iii  ite  Mtmeir'^M  the 
experiments  that  hare  been  tiiade  iipo«'4t  wn  not 
numerous,  and  probably  did  not 'admif  of  atlygieat 
d^ree  of  accuracy/  ,  And  welmm'to'/haM^iMiy 
decisive  prooft,  from  the  inlhuninaticnk  W  ddk«f  tWUe 
eflkts  produced,  that  the  lymphMies' iM  eqptfla  af 
absorbing  a  great  variety  -  of  subetanees^  diflMl^  frn 

4  M.  Magendie  supposes  that  the  lympfa  dbes  not  eri^jfaite 
from  the  decomposition  of  the  component  parts  of  the  body  that 
had  been  previously  organized,  but  thai  it  oonsista  af  m  certain 
part  of  the  blood,  which,  instead  of  retoming  by  the  veins  to.  the 
bearty  is  carried  to  this  organ  through  the  lymphafics  and  tbe 
■thoracic  duct.  The  great  argument  for  this  opinioa  is  the  uai* 
formity  in  the  properties  of  the  lymph,  and  their  analogy  to  Ihoie 
of  the  blood ;  Physiol,  t.  ii.  p.  196>  7.  Beraeliua  entMains  s 
peculiar  opinion  respecting  the  origin,  of.  the  lynqph;  he  sop* 
poses  that  there  is,  in  many  pattsof  thebody»a8iibalaiioe»  wUck 
is  composed  of  decayed  animal  matter,  united  to  Iba  lactic  add, 
and  the  hictate  of  soda.  Sec. ;  this  is  absorbed,  carried  to  tbe 
blood,  and  discharged  by  the  kidney ;  View  of  Animd  Che- 
mistry, p.  82.     . 
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eacli  other  the  most  widely  in  their  uAture,  so  that  it 
would  almost  appear,  as  if,  by  a  certain  mode  of  ap- 
plication, any  substance  might  be  forced  into  tliem. 
Nor  k  this  concluBion  affected  by  the  hypotlicsis  of 
M.  Magendie;  for  although  we  might  agree  with 
Mm  in  supposing,  that,  in  the  ordinary  operations  of 
the  system,  the  veins  are  the  principal,  or  even  the 
Sole  instruments  in  removing  the  materials  of  which 
the  body  is  composed,  yet  we  have  unequivocal  evi* 
dence,  that  when  certain  poisonous  or  medicinal 
agents  are  applied  to  their  extremities,  they  may  be 
received  or  forced  into  them,  and  conveyed  into  the 
circulation.  The  case  of  the  metallic  or  other  medi- 
dnal  substances,  that  are  taken  up  by  the  lymphatics, 
may  appear  to  be  less  difficidt  to  explain,  because  the 
absorption  is  generally  produced  by  friction,  or  some 
ine^ba^cal  process,  which  may  be  supposed  to  force 
the  mbstance  into  the  mouths  of  the  vessels,  or  to 
produce  an  erosion  of  the  epidermis,  which  may  en- 
able the  substances  to  come  into  more  immediate 
contact  with  the  mouths  of  the  vessels.  We  may 
also  imagine,  that  when  the  component  parts  of  the 
body  are  brought  into  close  approximation  with  their 
capillary  extremities,  they  are  then  taken  up  in  the 
$ame  way  that  the  chyle  is  absorbed  from  the  intes- 
tijies, 

♦  There  is  moreover  a  peculiar  difficulty  wliich  at- 
tends this  part  of  our  subject,  arising  from  the  cir* 
cmnstancc,  that  the  densest  solids  are  absorbed  as 
well  as  the  more  fluid  components  of  the  body. 
What  are  we  to  conceive  of  the  intimate  nature  of 
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this  operatioE  ?  If  solution  of  the  gubrtaace  b^ 
cessar),  wc  are  at  a  loss  to  find  a  proper  sokent; 
many  of  the  substances  arc  insoluble  in  water,  or  in 
the  serous  fluid  which  is  found  m  the  vessels,  while, 
on  the  other  hand»  it  is,  perhaps^  not  easy  to  coo* 
ceive,  how  the  substances  can  be  absorbed,  without 
being  previously  dissolved,  and  still  more  so,  how  the 
solids  can  have  their  texture  broken  down,  and  entar 
the  vessels^  particle  by  particle,  as  it  were,  and  be 
suspended  in  the  lymph  in  a  state  of  extreme  com* 
minntion/ 

Physiological  writers,  when  treating  upon  this 
subject,  have  been  frequently  in  the  habit  of  ei]||lfy- 
ing  expressions,  which,  we  may  presume,  they  mmt 
have  intended  to  be  taken  in  a  metaphorical  9mm 
only,  as  when  they  speak  of  the  solids  being  oorrodeil 
by  the  lymphatics  or  broken  down  by  them.  But 
such  a  phraseolog}',  it  is  evident,  can  amount  to  no* 
thing  more  than  an  expression  of  the  fact  in  differmt 
termRi  and  certainly  affords  us  no  insight  into  th^ 
mode  in  which  it  is  effected. 

This  is  one  of  those  questions  in  which  the  meU* 
physical  physiologists  have  brought  forwards  the  ope* 
ration  of  the  vital  principle,  for  the  purpose  of  ex- 

i  Monro  Sec.  in  his  Treatise  on  the  Bmtn,  c.  5*  efiuaicrat44 
the  arguments  which  have  heen  generally  adduced  to  prmt  ttit 
absorption  of  tlie  solids.  The  most  direct  and  nn rTriiprioiilhlir 
of  them  are  various  morbid  occurrencesi  in  whidi  tamoufi*  or 
certain  portions  of  tlie  components  of  the  body  are  reooTcd ; 
the  facts  that  are  brought  forwards  are  by  do  memm  of  mfod 
value^  but,  upon  the.whole,  they  may  be  regarded  m 
to  a  proofof  the  position. 
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plammg  the  difficulty.**  It  is  said  tBat  as  long  ag  a 
part  possesses  the  \ital  principle,  this  agent  enables 
it  to  resist  the  action  of  the  absorbents,  but  that  it 
immediately  becomes  subject  to  their  inflnence  when 
it  loses  this  principle.  We  have,  indeed,  abundant 
evidence  to  show,  that  dead  matter  is  more  easUy 
acted  upon  by  the  absorbents  than  the  same  matter 
while  it  retained  its  vitality  ;  indeed  we  may  go  far- 
ther, and  safely  affirm,  that  no  part  can  be  absorbed 
nntil  its  texture  is  destroyed,  and  consequently  until 
it  is  deprived  of  life.  No  substance  can  possibly 
enter  the  absorbents  while  it  retains  its  aggregation, 
so  that  it  necessarily  follows*  that  the  preliminary 
step  to  the  absorption  of  a  body  is  its  decomposition. 
We  are  then  to  inquire  how  this  is  effected,  and 
what  connexion  the  means  so  employed  have  with 
the  subsequent  absorption  of  tJie  decomposed  matter. 
We  may  conclude  that  the  first  step  in  this  series 
of  operations  is  the  death  of  the  part,  by  which  ex- 
pression is  meant,  in  the  present  instance,  that  it  is 
no  longer  under  the  influence  of  arterial  action.  It 
therefore  ceases  to  receive  the  supply  of  matter  which 
is  essential  to  the  support  of  all  vital  parts,  and  the 
process  of  decomposition  necessarily  commences.  It 
would  appear,  however,  to  be  a  principle  in  the  animal 
oeconomy,  that  an  organ  remains  under  the  influence 
of  the  absorbent  system,  after  it  ceases  to  be  connected 

^  Blumcnbaeh,  on  tlifs  occasion,  resolves  ihc  tliRiculty  by  the 
mysterious  operation  of  hig  vrtu  propria ;  Inst.  Physiol.  §  4-36, 
1  have  not  been  able  to  peruse  the  treatises  of  Albrechi,  and  of 
Ontyd,  to  which  he  refers* 
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wUhthe  arterial.  It  therefore  beewiei^  Jolgaet  io 
those  causes  which  tend  to  its dissdotioB;  ba^as 
we  msy  piesume,  be&re  the  opentkm  is  fidly  est»« 
Uishedt  or  while  it  ocoonr  in  each  svocsssifi^  pevtiM 
of  which  the  whole  is  eomposod^.  dieportiM  so 
changed  is  taken  Up  by  the  ^rmphstks.  Tken  ane 
Taooiur  circamatanoea  which  nmy  be  conceived  to  be 
efficient  in  cutting  off  the  ordkuoy  topply  1^  the 
arteries :  adeficiency  of  nntntive  matter  in  tiie  system 
it  larger  a  localdflseaseor  dcrai^funentof  the  mtxtSu 
that  bdong  to  the  organs,  the  obtttenrtkni  tf  the 
arteries  by  pressure  or  any  kind  of  awehanfaal  eb- 
fltractaon,  may  be  enumerated  amon^  the  ptebAble  or 
possible  causes  which  might  j^odues  the  death  of  «lii6 
part,  lit  the  same  time  that  the  absorbenteMsmeeled 
with  it  may  retain  theur  activity/'  ^^  ^  ^  ^ 

•  And  in*  many  instances^  widumt  the  in(>W(wUeii 
of  any  thing  that  can  be  properly  siiled  morbid^  the 
same  kind  of  efiRsct  will  be  produced^  although  in  a 
less  d^preei  According  to  the  pnnci^  of  « perpetaal 
change,  which  perrades  the  whole  organised  syvten^ 
we  have  the  two  operations,  of  accumulation  and  of 
expenditure,  always  going  forwards.  In  the  state  of 
the  most  perfect  health  and  vigour,  and  when  the 
body  has  attained  its  complete  size  and  form,  these 
operations  should  exactly  balance  each  other  }•  hot 
any  deviation  firom  this  exact  balance,  by  which  the 
relative  action  of  the  capillary  arteries,  and  the  ab- 
sorbents is  affected,  will  destroy  this  equilibrium. 

1  See  tlie  observatioivs  of  Mr.  Bell ;  Anat.  V«  if.  p*  311^  S» 
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Tlie  part  of  this  process,  which  is  the  most  difficult 
to  comprehenc!,  is  the  nature  of  the  change,  which 
the  materials  of  the  hotly  undergo^  when  they  cease 
to  be  under  the  influence  of  the  arteries,  and  arc  con- 
Verted  into  that  state  whicli  adapts  them  for  being 
taken  up  by  the  absorbents,  whether  the  change  be 
mechanical,  consisting  merely  in  the  comminution  of 
the  substance,  or  chemical ;  and  if  the  latter,  what  is 
the  exact  natui*e  of  the  change,  and  how  is  it  effected. 
These  are  points  upon  which  I  conceive  that  we  are 
totally  ignorant,  so  that  I  shall  oifer  no  conjecture 
upon  the  subject. 

^'  '<I  h&ve  given  an  accomit  above  of  the  recent  expe- 
riments of  M,  Mageudie  on  the  organs  by  which 
absorption  is  performed,  and  we  are  also  indebted  to 
the  same  pliysiologist  for  a  new  hypothesis  respecting 
the  mode  in  which  the  organs  act*  Ha\ing  ascer- 
tained, by  a  prcrious  train  of  experiments,  the  degree 
of  effect  wliioh  certain  narcotic  substances  produce 
upon  the  system,  so  as  to  he  able  to  refer  to  these  as 
a  standard  of  comparison,  he  was  induced  to  examine 
how  far  the  absorbing  power  of  the  vessels  was  pro- 
moted or  retarded  by  the  states  of  plethora  or  of 
depletion.  The  result  seemed  to  be,  that  plethora 
tiniformly  retardetl,  and  depletion  as  constantly  pro- 
moted absorption,  and  hence  he  concludes,  that  it 
must  consist  in  a  mere  mechanical  action,  independent 
of  any  principle  connected  with  vitality.  Proceeding 
upon  this  position,  which,  however,  does  not  appear  to 
)be,  in  any  respect,  a  necessary  consequence  of  the  pre- 
mises, he  conceives  that  the  only  physical  action  which 
can  satisfactorily  explain  the  phenomeati,  is  that  of 
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capillary  action  exercised  by  the  Bides  of  the  vc 
upon  the  substances  to  ^vhich  they  are  exposed.^ 
80  far  AI.  JMagcntlie's  hypothesis  may  seem  to  ^ 
with  the  one  which  is  generally  adopted,  but 
farther  investigation,  it  will  be  found  to  do  so 
verbally  than  really,  for  we  find  that  he  does  uq 
suppose  that  the  absorbed  fluid  enters  by  the  open 
months  of  the  vessels,  but  that  it  is  imbibed  by 
substance  of  the  vessel  itself,  or  rather  filtres  through 
its  jmrietes,  and  that,  when  it  has  entere<l  by 
means,  it  is  then  carried  forwards   by  tlie  cu 
of  the  fluid  pre\iously  contained  in  the  vesseL     T4 
[prove  the  possibiUty  of  the  hypothesis,  he  performed^ 
experiments  on  the  veins  shortly  after  death,  andJ 
found  that  they  were  capable  of  imbibing  and  traoBrij 
mitting  a  sensible  quantity  of  a  fluid  thjit  was  pre«  j 
sented  to  them,  and  that  the  same  also  took  places  ^ 
although  less  readily,  with  respect  to  tlie 
To  complete  the  proof  of  the  hyjwthesis,  M.  JIa 
endeavoured  to  execute  a  series  of  analogous  experi* 
ments  upon  the  vessels  of  a  living  animal-     They 
consisted  iu  taking  a  portion  of  a  vein,  the  jugular, 
for  example,  in  completely  detaching  it  from  it&  con* 
nexioiis  of  every  kind,  and  dropping  upon  its  extcmal 
fiurface  a  solution  of  a  deleterious  substance,  the  eifecli 
of  which  were  quickly  manifested  in  all  parts  of  the 
system.'^     But  I  may  remark  on  this,  as  I  have  doae 

®  **  Parmi  les  conjectures  que  Ton  pouvalt  se  permettrc  1  0€t 
regard,  cclle  qui  ferait  dependre  TabsDrptioti  de  rftltrmclioa 
capiliaire  des  parais  vasculaires,  pour  tes  matieres  idiMtbie% 
etait  BQjis  doute  la  plus  probable.**  Ooum*  PhysioU  |*  Lp*6. 

9  Joura.  Physiol  1 1  p*  9,  Q* 
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on  a  fdnner  oce^iotiy  that  mthout  impeaching  cither 
the  veracity  or  the  address  of  the  experimetitaligt, 
the  operation  appears  to  be  of  that  complicated  na- 
ture, which  it  would  be  impossible  to  perform  so  as 
to  preclude  all  sontccs  of  inaccuracy,  and  those  such 
as  woidd  materially  interfere  with  the  result. 

With  res|x*ct  to  the  absorption  of  solids,  it  %vould 
follow  from  this  view  of  the  subject,  and,  indeed,  it  is 
admitted  by  M.  Magendie  to  be  the  case,  that  no- 
thing can  enter  the  vessels  by  tliis  kind  of  filtration, 
except  what  is  perfectly  dissolved  in  the  fluids ;  he 
does  not,  however,  infomx  us,  in  what  manner  the 
fluids  whicli  are  contained  in  the  vessels,  or  rather 
those  that  are  contiguous  to  them,  can  effect  this 
solution.  Upon  considering  the  doctrine  of  M,  Ma- 
gendie in  all  its  parts,  I  cannot  bufc  regard  it  as  both 
antecedently  improbable  and  unsupported  by  facts  or 
analogies,  that  it  is  very  diflScult  to  conceive  how  the 
various  substances  which  arc  absorbed,  whether  by 
the  lymphatics,  or  by  the  veins,  can  enter  by  this 
kind  of  filtration  or  transudation,  while  it  affords  no 
satisfactory  explanation  of  the  cause  why  some  sub- 
stances are  taken  up  in  preference  to  others,  or  of  the 
motle  in  which  the  absorption  of  the  solids  can  be 
accomplished,* 

'  The  doelrine  of  tbe  transuilatiori  of  Huids  through  the  ves*  ] 
.ftcls  during  life,  was  iiittintained  by  many  of  the  mcchaniciil 
physiologists  of  the  last  century ;  it  entered  Inrgely  into  the  i 
speculationa  of  Kaau  Boerhative ;  see  his  treatise,  de  Pcrspira- 
tione,  c*  27»  passim  ;  and  tj*  admitted  by  Hallcr,  EL  Phys.  iu  2-  j 
23.     Wm*  Hunter  very  decidedly  supported  the  fame  opinioni  i 


^90  M9pmnmit$  <f  FodiTu. 

The  eondugioivs  which  ware  formed  hgr  ML  MwgUk 
die  upon  this  subject,  have  been  more  latdf 
by  4  series  of  ekborate  and  iagmims  < 
that  have  bera  executed  by  M.  Fodem.  He 
mencea  by  stating  a  number  of  tuiMf'  whidi  tend  to 
prove  that  the  membranes  generally^  and  the  eoata  of 
vessels  in  particular,  permit  fluids  to  filter  thrsngfa 
them,  and  that  this  nuiy  take  place  bcfine  their  textme 
or  oiganisation  is.  visibly  changed  by  the  praean  of 
decomposition.  But  a  more  important  and  intBreikiDg 
part  of  his  investigations  se&rs  to  the  power  wUdi 
the  vesseb  of  the  living  body  possess^  of  aHowiag 
fluids  to  enter  them  by  filtration ;  or,  as  he  tsnna  ili» 
by  imbibition. 

In  (Ncder  to  prove  this  point,  he  injected  into  twe 
separate  cavities  of  the  body  two  fluids)  iriiieh  by 
their  union  produce  a  compound,  the  pnsenoe  of 
which  may  be  obviously  and  unequivocally  indicated ; 
and  which  could  only  be  formed  by  the  two  ingiediettto 
coming  into  contact  with  each  other.  The  cavitiss 
of  the  pleura  and  the  peritoneum  were  sdected  fer 
this  purpose;  into  one  the  ferro-prussiate  of  pot- 
ash, and  into  the  other  the  sulphate  of  iron  weie 
injected,  and  the  result  was,  that  upon  examining  the 

Medical  Comment,  c.  5 ;  and  an  opinion  very  similar  to  it  is 
adopted  by  Mascagni,  pt.  1.  sect.  1.  p.  6»  7.  Cniikshaiik,  >  on 
the  contrary,  endeavours  to  refute  the  hypothesis,  and  observes, 
that  many  of  the  appearances  which  have  been  observed  upop 
dissection,  and  which  have  been  thought  to  prove  transiidstias 
during  life,  were  in  reality  the  effect  of  what  occurred  afker  ^f^j 
On  the  Absorbent  System,  p.  1 1, 14. 
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bodjr  after  a  ccitainmtcrval,many  of  the  membranous 
and  glandular  parts,  couBected  witli  tlie  abdomen  ;ind 
tliorax,  were  tinged  with  a  blue  colour*  If  the  aninial 
was  left  untouched^  these  phenomena  took  place  slowly, 
but  the  operation  was  very  considerably  promoted  by 
the  application  of  galvanism*  This  effect  was  exhibited 
in  art  experiment  analogous  to  one  of  M,  Magendic's, 
in  which  a  solution  of  ferro-prussiatc  of  potash  was  en-* 
dosed  in  a  portion  of  intestine,  while  a  doth,  soaked 
in  sulphate  of  iron,  was  placed  on  its  external  surface, 
when,  upon  the  transmission  of  the  galvanic  influence, 
the  cloth  was  instantly  stained  of  a  blue  colour.  It 
ivas  farther  observol,  tliat  according  to  the  direction 
of  the  current,  the  blue  colour  might  be  produced 
either  on  the  outside  or  the  inside  of  the  intestine. 

From  a  number  of  experiments  of  this  nature,  M. 
Fodera  comes  to  the  following  conclusions:  L  That 
exhalation  and  absorption  may  be  referred  to  transu- 
dation and  imbibition,  through  the  pores  of  the  mem- 
branous textures,  "capillarite  des  tissus/'  which 
enter  into  the  composition  of  the  organs.  2.  That  thi« 
double  effect  may  be  produced  in  all  parts  of  the  body 
and  that  the  fluids  which  are  imbibed  may  be  con- 
veyed equally  by  the  lymphatics,  or  by  the  arteries 
and  veins.^ 

It  must,  I  conceive,  be  admitted  that  these  experi- 
ments go  very  far  to  prove  that  membranes,  pcrliaps 
even  during  life,  and  certainly  after  death,  before  their 

^  Magendie,  Journ*  t.  iVu  p«  S5,  ei  seq*  This  paper  consists  of 
an  abstract  of  M.  Fodera's  Mem.  by  M,  Andral,  jun.;  the 
originEil  is^  I  believCi  still  unpublishetl 


texture  is  visibly  altered,  liave  the  power  of  permitting 
tlie  transudation  of  certain  fluids ;  but  before  we  can 
assent  to  the  doctrine  of  M.  Fodera,  that  absorption 
generally  is  effected  in  this  manner,  and  tliat  the  diyle 
enters  the  lacteals  simply  by  filtration,  or  imbibitioti 
through  the  coats  of  the  vessels,  there  are  many  pre- 
liminary difficulties  to  be  cleared  away,  aud  many  ad- 
ditional circumstances  to  be  ascertained,  in  order  to 
complete  the  analogy.  Although  there  may  be  a 
strong  resemblance,  or  even  a  perfect  identity  between 
the  chemical  composition  of  a  membrane  and  a  vessel, 
their  physiological  texture,  which,  in  the  present  case, 
is  more  particularly  coiiccnied,  is  probably  very  diflbr* 
ent*  And,  if  the  fluids  can  enter  the  vessels  by  this 
species  of  filtration,  what  reason  can  be  gi%'eu  why 
they  should  not  have  an  equal  tendency  to  trmnsiide 
again  out  of  the  vessel  ?  IVhat  cause  can  be  assigned 
why  they  should  enter  the  vessels  at  all,  when  there  j 
would  appear  so  much  easier  a  passage  from  one  part 
of  the  cellular  substance  to  some  contiguous  portion  i 
the  same  texture  ? 

Besides,  when  we  reflect  upon  the  nature 
the  experiment,  in  connexion  with  the  inferences^ 
that  are  deduced  from  it»  we  find  that  it  impfies 
a  degree  of  correctness  in  the  execution,  and  of  at- 
tention to  a  variety  of  concurrent  cireumstaneeii 
greater,  perhaps,  than  ought  to  be  ascribed  to  any 
physiologist,  of  wliateva*  skill  or  dexterity  he  may  be 
possessctL  It  requires  that  there  should  be  not  a 
single  dividetl  extremity  of  an  artery,  or  of  a  vein,  nor 
a  single  open  cell  of  the  membranous  texture  expottd 
to  the  fluid  employetl ;  for  if  any  portion  of  it  sbocdd 
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enter  into  either  of  these  organs,  the  essence  of  the 
experiment  is  destroyeii  And,  even  granting  that  all 
these  difficulties  conhl  be  counteracted,  still  it  would 
by  no  means  follow,  that  beaiuse  an  active  chemical 
solution  can  pass  through  a  membrane,  or  the  coat  of 
a.  vesseU  that  the  same  conld  be  done  by  the  chyle.  I 
feel,  therefore,  no  hesitation  in  asserting  that,  curious 
and  interesting  as  arc  the  experiments  of  M.  Fodera, 
.they  do  not  prove  the  position  wliich  they  profess  to 
establish  ;  and  that  they  ought  not  to  aflfbct  our  ideas 
respecting  the  doctrine  of  absorption.^ 

We  are  indebted  to  J>r.  Barr)%  whose  observations 
on  respiration  I  have  ahready  had  occasion  to  refer  to,  * 

I  Uk  but  Jastice  to  M,  Fodera,  to  remark,  that  the  full  detail 
of  his  experiments,  so  far  as  1  am  able  to  learn,  has  not  yet  been 
given  to  the  public*  I  think,  however,  that  it  is  not  unfair  to 
conclude  that  the  report  of  lliem,  wliich  is  iii&erted  in  M.  Magen* 
die's  Journal,  may  be  regarded  as  exhibiting  a  correct  account  of 
them  ;  and  that  no  circumstance  would  be  omitted,  which  could 
be  fairly  urged  in  their  favour. 

♦  Since  I  wrote  the  short  appendix  to  the  7th  chapter,  I  have 
had  the  pleasure  of  per  u  dog  the  detailed  account  of  Dr.  Barry's 
ex  peri  men  ts»  together  with  the  report  of  tliem  made  to  the 
Academy  of  Sciences,  by  MM.  Cuvier  and  Dumcril  ;•  and  I  had 
likewise  the  good  fortune  to  be  present  at  some  experiments 
which  were  performed  by  Dr.  Barry  himself,  at  the  Veterinary 
College.  Making  those  allowances  for  unforseen  and  un- 
avaidable  difficulties,  uliich  it  is  but  fair  to  admit  on  such 
occasions,  I  should  say  that  it  appeared  sufficiently  obvious,  that 
when  one  end  of  a  glass  tube  was  inserted  either  into  the  large 


*  llccherches  experimentales  sur  les  causes  du  mouveraent  du 
sang,  &c. 
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for  a  series  of  experimeiits  whicli  he  performed  in  order 
to  prove,  that  absorption  depends  altogether  upon 
atmospherical  pressure.  The  experiments,  which  ap* 
pear  to  have  been  sutliciently  nimierous,  and  to  haye 
been  attended  with  very  decisive  results,  consbted  in 
introducing  into  a  wound  a  portion  of  some  poison,  the 
effects  of  which  had  been  previously  ascertained,  aod 
to  compare  these  with  what  took  place  when  the  pro- 
sure  of  the  atmosphere  was  removed,  by  the  appUciliai 
of  an  exhausted  cupping-glass  over  the  wound.  Tb« 
results  appear  to  have  been  very  remarkable ;  and,  ia 
a  practical  point  of  \iew,  cannot  fail  to  prove  of  gieit 
and  obvious  utility*     The  same  dose  of  poison,  wfaid^ 

veins,  into  the  cavity  of  the  thorax,  or  into  the  periesrdMivi,  the 
other  end  bein^  plunged  into  a  vessel  of  coloured  iralir»  tit 
water  was  seen  to  rise  up  the  tube  during  inspiratioiif  mA  ti 
descend  during  expiration.  Wc  may  hence  conclod^  tiiBl  ofa 
the  circuinstancei  in  which  the  experimenl  was  perCbnntdtthllt 
was  less  resistance  to  the  entrance  of  the  venous  blood  inltt^^ 
heart  during  inspiration  than  during  es^piration  ;  but  tt  wiD  i^^| 
remain  for  us  to  inquire  whether  tlie  principle  wiU  appjy  io  |bi 
organs  in  their  natural  and  entire  state,  or  in  what  dagtaa  it  8 
applicable.  Now^  there  are  some  facta,  which  would  iMd  oi  ti 
guppose,  either  that  the  efi'ect  does  not  take  place,  or  that  il  dsa 
so  in  a  very  slight  degree  only,  1*  During  each  act  of 
tion,  we  have  three  or  four  pulsations  of  the  h^ut, 
exactly  of  the  same  strength,  although  they  mual  hare 
during  the  various  states  of  the  thorax.  2.  In  tbo  fbema,  what 
the  lungs  are  quicacent,  we  have  still  the  circulation 
without  any  apparent  difficulty.  8,  There  an? 
of  animals  that  possess  a  circulating  system ;  but  which  m 
either  without  Jungs,  or  have  them  constructed  "Pirn  a  prinfip^ 
entirely  different  from  those  of  tlie  mammalia. 
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under  ordinary  circumstances,  destroyed  an  animal  in 
a  few  seconds,  was  rendered  completely  harmless  by 
the  operation  of  the  vacuum ;  and  when  the  symptoms 
had  comnieuceds  and  even  when  they  had  proceeded 
io  far  as  to  impress  the  spectators  with  the  idea  that 
tlielife  of  the  animal  was  destroyed,  still  the  vacuum 
had  the  effect  of  speedily  and  entirely  removing 
them  \ 

Important,  however,  as  these  experiments  are  in  a 
practical  point  of  view^  there  appear  to  me  to  be  cer- 
tain circumstances,  which  must  be  taken  into  account 
before  we  can  admit  of  the  hypothesis  that  is  deduced 
from  them.  In  the  first  place,  it  would  seem  that  the 
poison  was  not  simply  laid  upon  the  surface,  but  was 
inserted  into  a  woimd ;  hence  it  would  be  immediately 
mixed  with  the  blood,  and  be  carried  by  the  veins  to 
the  central  parts  of  the  system.  Now,  it  is  obvious, 
that  when  a  vacuum  is  fomicd  over  the  divided  end 
of  a  vessel,  and  especially  of  a  vessel  which  is  supposed 
to  be  passive,  or  to  be  influenced  only  by  physical 
causes,  the  motion  of  the  fluid  through  this  vessel 

^  Dr»  Barry  presented  ao  account  of  hi*  experiments  on  absorp- 
tion,  and  of  the  inferences  which  he  deduced  from  them,  to  the 
Med,  Chir.  Society ;  it  is  from  this  source  that  I  derive  my 
information.  The  following  are  two  of  Dr.  Barry *s  positions : 
''That  the  whole  function  of  externa!  absorption  15  a  physical 
effect  of  atmospheric  pressure."  '*  That  Uie  circuiation  in  Uie 
absorbing  vessels,  and  in  the  great  veins,  depends  ypon  this  same 
causej  in  all  animals  possessing  the  power  of  contracting  and  di- 
lating a  cavity  around  that  point,  to  which  the  centripetal  cur- 
rent  of  their  circulation  is  directed/'  Dr.  Barry  explicitly  states 
his  opinioD}  tliatvitat  action  is  not  concerned  in  absoqHion. 
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must  be  retarded.  And  this  would  be  equaDy  ihe 
case,  upon  whatever  principle  we  supposed  the  fluid 
to  be  propelled,  or  carried  tlu*ough  the  vessel  in 
question. 

But  it  does  not  necessarily  follow  that  this  would 
be  the  case  in  the  natural  state  of  the  part8»  when  the 
vessels  remain  entire,  and  the  atmospheric  pressure  if 
exercised  equally  upon  all  the  contiguous  organs.  Nor 
does  it  appear  to  be  an  obvious  consequence  of  Dr. 
Barry*s  experiments,  that  the  same  effect  would  ensne, 
if  we  had  it  in  our  power  to  apply  a  poisonous  sub- 
stance to  the  extremity  of  a  lacteal  or  a  lymphatie, 
provided  as  these  vessels  are  with  valves,  a&d  exer- 
cising a  contractile  power  over  their  contents.  The 
immediate  effect  would  be  the  distention  of  the  con- 
tiguous parts,  and  the  dilatation  of  the  vessel  itself; 
but,  provided  the  extremity  of  the  vessel  remained 
clo^d,  this  operation  might  promote,  rather  than  re- 
tard, the  progress  of  its  contents. 

In  the  last  place,  I  conceive  that  it  is  altogether 
impossible  to  apply  Dr.  Barry's  principle  to  the  action 
of  the  lacteals ;  they  appear  to  be  so  far  removed  from 
the  influence  of  atmospheric  pressure,  that  we  must 
suppose  their  contents  to  be  propelled  by  some  inher- 
ent  power  in  the  vessels  themselves,  or  by  some 
mechanism  immediately  connected  with  them ;  and 
presuming  this  to  be  the  case,  we  have  a  very  strong 
analogical  argument  for  supposing,  that  the  function 
of  absorption,  in  the  other  parts  of  the  system,  is  con- 
ducted upon  the  same  principle. 

When  we  examine  the  extent  of  the  lymphatic 


Cutmieotis   Absorpikm. 


597 


system,  and  endeavour  to  trace  out  its  connexion 
with  the  various  parts  of  the  body,  we  ohsen-e  that 
a  great  number  of  these  vessels  have  their  origin  from 
the  neighbourhood  of  tlic  cutis/  and  it  has  there- 
fore been  supposed  that  al)sor]>tion  is  carried  on  to  a 
considerable  extent  by  all  parts  of  the  surface*     The 
doctrine  of  cutaneous  absorption  seemed  to  explain  a 
great  variety  of  phenomena  in  the  animal  €economy, 
both  physical  and   pathological,  and  was  generally 
had  recourse  to  as  one  of  those  operations,  which  had 
a  powerful  influence  upon  the  functions  of  the  body, 
both  in  their  natural  and  their  morbid  condition* 
That  under  certain  circumstances  the  absorbents  are 
able  to  take  up  substances  applied  to  the  skin,  espe- 
cially when  aided  by  friction,  is  sufficiently  proved  by 
the  effect  of  various  medical  agents  which  are  enabled 
by  this  means  to  enter  into  the  circulation,  and  to 
act  upon  the  system  in  the  same  manner  as  if  tliey 
had  been  received  into  the  stomach.     Thus  mercury 
applied  to  the  surface  produces  its  specific  effect  upon 
the  salivary  glands,  and  lead  upon  the  muscular  fibre, 
while  opium,   tobacco,  and  other  narcotics,  manifest 
their  peculiar  action  upon  the  nervous  system. 

But  besides  this  absorption  of  substances  applied 
lo  the  skiuj  and  forced  into  the  mouths  of  the  vessels 
by  friction  or  other  mechanical  means,  it  was  an 
opinion   very  generally   embraced  by  2>hysiologists, 


*  We  have  a  view  of  the  cutaneous  lymphatics,  as  far  as 
they  can  be  rendered  visible  by  injections,  in  Haase,  de  Vas* 
Cut.  et  Intest.  Absorb,  tab,  fig*  2;  also  in  Mascagni,  tab,  2* 
fig*  9. .  28.  and  tab.  3. 
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that  when  tlie  body  is  simply  immersed  in  water,  the 
cuticle  still  remaining  entire,  the  same  kind  of  ab- 
sorption  takes  place,  and  even  that  the  skin  has  the 
l>ower  of  imbibing  water  from  the  atmosphere,  when 
it  exists  there  in  any  unusual  quantity.  This  wai 
the  opinion  of  Sanctorius,  and  of  all  those  who*  iilOi 
his  time,  performed  experiments  of  a  similar  kind ; 
the  weight  which  the  body  was  found  to  have  g;uncd, 
under  certain  circumstances,  when  this  could  not  be 
explained  by  the  excess  of  the  sensfihle  ingesta  alxyie 
tlie  egesta,  was  attributed  to  cutaneous  absorpticm.  We 
are  now,  indeed,  aware*  that  a  part  at  least  of  what 
Sanctorius,  and  the  statical  experimentalists  ascribed 
to  cutaneous  absorption,  depends  upon  the  acdcMi  of 
the  lungs,  but  stilly  after  this  deduction,  it  vascoi^ 
ceived  that  a  certain  proportion  of  this  excns  rf 
weight  could  only  be  accounted  for  upon  the  fu|w 
position  of  the  absoqitiou  by  the  skin/ 

This  doctrine  was,  however,  some  years  ago,  calkd 
in  question  by  Seguin,  who  attempted  to  disprove  it 
by  a  series  of  direct  experiments,  which  were  ecrtsunlf 
ingenious,  and  would  be  almost  decisive  against  ii, 
were  they  not  subject  to  certain  causes  of  inaocuniejr 
which  it  is  not  easy  to  obviate.  The  expcriiiieiits 
consisted  in  immersing  a  part  of  the  body  in  the 
solution  of  a  saline  substance  that  acts  in  a  q>ecifis 

7  Mascagni,  in  p.  22,  S*  of  his  great  work,  brmgs  fonmrdi 
the  various  facu  and  arguments  that  have  been  addaord  io 
favour  of  tlie  doctriue  of  cutaneous  absorptioa,  Seg  ^  popiilv 
view  of  the  subject  by  Dr»  Wilkinson ;  MecK  MtiseoiD,  ?.a 
p.  117 ;  also  the  article  "  Intcgumenu/'  la  Ucet'a  Cydo|i«dii» 
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manner  upon  the  system,  which  it  is  easy  to  recognize, 
as,  for  exaniple,  corrosive  sublimate.  Now,  we  are 
informed,  that  provided  the  cuticle  be  entire,  we  have 
no  evidence  of  any  of  the  mercnry  being  received  into 
the  system,  or  of  any  part  of  the  salt  being  abstracted 
firom  the  water,**  Experiments  tending  to  the  same 
conclusion  with  those  of  Segtiin's,  although  not  so 
decisive  in  tlieir  nature  and  results,  were  performed 
by  other  physiologists.  Currie  carefully  examined 
the  weight  of  the  body  before  and  after  immer- 
sion in  the  warm  bath,  but  could  not  find  that  it 
gained  any  addition,  and  was  hence  led  to  conclude, 
that  absorption  never  takes  place  by  the  skin,  except 
when  the  substances  applied  to  it  are  forced  into  the 
mouths  of  the  absorbents  by  mechanical  violence,  or 
when  an  abrasion  of  the  cuticle,  or  a  destruction  of 
some  of  the  subjacent  parts  has  taken  place.®  This 
opinion  seems  to  have  been  generally  acquiesced  in 
by  the  modem  physiologists,  so  that  it  has  been 
assumed  as  a  general  fact,  that  except  under  the 
particular  circumstances  referred  to  above,  the  cuta- 
neous absorbents  were  not  capable  of  taking  up  sub- 
stances that  are  merely  applied  to  the  external 
surface/ 

8  Fourcroy,  Med.  Eclair,  t.  lil  p.  232. .  24?L  and  Ann.  Chioi. 
t  xc.  p.  185*  et  »eq. 

9  Med.  Reports,  ch,  xix. 

>  M'  Mageodie,  m  conformity  widi  tlie  doctrine  whicli  he 
malnlains  respecting  absorption  generall  j,  sopposea  that  where 
we  have  evidence  of  this  operation  having  been  carried  on  at  the 
surface  of  the  body,  the  veins  and  not  the  lymphatics  are  the 
principal  agents ;  FhysioL  t.  ii.  p.  189, ,  6,    His  observations  on 


600 


Experhnenis  of  Edwards* 


This  subject  has  been  lately  investigated  by  Dr. 

^Edwards,  with  that  skill  and  address  whidi  he  ha^  I 

Imanifested  on  so  many  other  points  connected  with 

the  animal  oeconomy.     The  couclusion  to  which  he 

leads  us  is^  that  the  function  of  absorption  is  actually' 

carried  on  by  the  skin  to  a  considerable  extent,  and 

[probably  without  interruption,  although  in  different 

^degrees,  according  to  the  condition  of  the  aniimlt 

;  and  the  circumstances  to  which  the  body  is  exposed* 

I  He  considers,  under  separate  heads^  the  absorptioa 

which  is  effected  by  the  skin,  when  the  body  is  im-' 

mcrscd  in  watei*,  and  when  it  is  immersed  in  ab. 

[With  respect  to  the  case  of  absorption,  while  the 

body  is  imraerscd  in  water,  the  first  experiments  were  j 

performed  on  cold-blooded  animals,  and  he  appears  ta 

have  proved  unequivocally,  that  in  them  absorption 

takes  place  from  the  skin  with  great  facility,  and  ia 

considerable  quantity.     If  a  lizard  be  exposed  finr 

this  polnl  are  mgenious  and  deaervingofauentioo^  but  it  appctri 
to  me  to  be  ihe  lea^t  tenablG  pan  of  his  hypothesis.  A  unm 
of  experiments  were  perfoimed  sonic  years  ago  by  Dr.  RoudMBli 
oFPennsylvauiaj  the  object  oF  which  is  lo  prove  that  cutaneous 
absorption  has  no  exiateticCi  even  under  any  drcum$taiiceS|  aikl  * 
that  in  all  those  cases  where  substances  applied  to  the  sur" 
are  supposed  to  be  absorbed  by  the  ver^sels  of  the  skin,  the  i 
u  ia  reality  to  bo  referred  lo  the  subittauce  being  converted  lata 
vapour  and  intkaled  by  the  lungs;  he  even  pushes  his  hypothe»is 
so  fur  as  to  suppose,  that  when  mercurial  frictions  arc;  applied 
to  the  surface,  the  heat  of  the  body  volatilizes  the  metal,  and  ift^ 
this  way  enables  it  to  enter  into  the  system  by  pulmonary  inha* 
latloD;  see  an  account  of  the  expcrimeuts  by  Dr.  Stock,  la  Ed. 
Med.  JourD.  v.  ii*  p.  IQ.  et  seq. 
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some  time  to  a  dry  atmosphere,  a  great  proportion  of 
lbs  fluids  are  removed  by  transudation,  and  if  we  then 
immerse  a  part  only  of  its  body  in  water,  we  may 
observe  a  visible  and  copious  augmentation  in  the 
quantity  of  its  fluids^  both  from  the  appearance 
which  it  presents  to  the  eye,  and,  more  decidedly, 
from  the  increase  of  its  weight.  He  therefore 
infers  that  a  similar  operation  must  be  carried 
on  by  the  human  skin,  that  both  transudation  and 
absorption  are  always  going  forwards,  and  that  the 
body  gains  or  loses  in  weighty  according  to  the  excess 
of  the  one  above  the  other.  ])r,  Edwards  remarks  at 
some  length  upon  the  exi>eriinents  of  Seguin ;  he 
does  not  question  their  accuracy,  but  he  conceives 
that  we  are  not  warranted  in  concluding  from  them 
that  no  absorption  takes  place,  because  nouc  was 
observed  in  these  particular  cases.  He  points  out  a 
variety  of  circumstances  which  may  tend  to  diminish 
the  absorption  or  to  increase  the  transudation,  so  that 
the  balance  of  effect  shall  be  in  favour  of  the  latter 
operation,  and  thus,  so  far  as  the  weight  of  the  body 
is  concerned,  might  seem  to  exclude  the  idea  of  ah- 
soq)tion.  He  supposes  that  Seguin"s  experiments 
were  performed  under  such  circumstances,  and  that 
therefore  the  weight  of  the  body  was  not  increased, 
or  was  even  diniinishe<l  after  immersion  in  the  bath, 
an  effect  which  would  depend  partly  upon  the  absorp- 
tion being  retarded  by  a  turgid  state  of  the  vessels, 
while  the  warmth  of  the  medium  would  tend  to  pro- 
mote the  transudation.- 

*  De  rinfiuence,  dx.  ch*  xti.  p.  345.  et  »eq. 
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With  respect  to  the  absorption  by  the  filtr&ce, 
when  the  body  is  iiiiBiersed  in  air,  it  is  admitted  to 
be  less  easily  detected  under  these  circumstanceg 
than  in  the  former  case ;  but  Dr.  Edwards  conceivef 
that  his  experiments,  especially  a  series  wliich  he 
performed  on  guinea  pigs,  warrant  the  opinion^  that 
absorption  does  take  place,  although  in  considerahlf 
less  quantity  tlian  during  immersion  in  water ;  and 
he  finally  concludes,  that  when  the  body  loses  wdghl 
during  immersion,  in  damp  air,  the  amount  is  to  bfi 
regarded  as  the  difference  between  the  loss  by  tmn^* 
udation,  and  the  increase  in  consequence  of  the 
absorption  of  aqueous  vapour.* 

J  4-    Connexion  between  Absorption  and  the  other 
Functions, 

Having  now  considered  in  succession  the  ftmcticms 
of  digestion  and  of  absorption,  by  which  the  altmcnl 
is  first  reduced  to  the  state  which  is  adapted  to 
nutrition,  and  is  afterwards  carried  into  the  circulate 
ing  system,  it  remains  for  me  to  offer  a  few  obsen^ 
tions  upon  the  changes  which  it  midergoes  from  the 
time  that  it  enters  the  absorbents,  until  it  is  fiuUl 
deposited  in  the  different  organs  of  which  it  is  de* 
stiued  to  form  a  constituent  part*  We  have  seen  that 
the  chyle,  when  it  is  received  into  the  lacteals»  both 

)  Derintlucticei  ilc*  c*  xili.  p.  556,  et  seq.  We  have  on  ttf^f 
by  Dr,  Kellie,  *•  On  the  Functions  of  the  Skin,"  which  coDUiai 
a  good  general  view  of  the  subject  up  to  the  period  when  ta 
wTotCi  1805  \  Ed«  iUd.  Jauro*  v.  i*  p.  170.  et  £eq« 
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in  its  cliemical  and  its  physical  properties,  exhibits 
a  considerable  resemblance  to  the  blood,  the  question 
then  for  us  to  determine  is,  whether,  after  it  is  poured 
into  the  veins  in  the  imperibct  state,  in  which  the 
process  of  sanguification  appears  to  be  only  in  part 
accomplished,  it  is,  in  the  first  instance,  mixed  with, 
or  diffused  through  the  whole  mass  of  hlood,  and  that 
all  the  remaining  changes  are  cfFccted  by  the  ordinary 
operations  of  secretion  and  excretion,  or  whether 
there  be  any  specific  process  for  the  more  complete 
assimilation  of  the  chyle,  by  which  it  may  be,  in  the 
first  instance,  converted  into  one  or  more  of  the  con* 
stituents  of  the  blood. 

That  the  function  of  respiration,  in  some  measure, 
contributes  to  assimilation  is  at  least  a  probable  opi- 
nion, and  we  may  also  suppose,  that  the  consequence 
of  the  transudation  which  is  carried  on  from  all  the 
surfiices  of  the  body  may  have  its  effect  in  discharge 
ing  any  redundant  quantity  of  water ;  but,  except 
these,  we  are  not  acquainted  with  any  processes  which 
can  affect  the  constitution  of  the  blood,  while  it  re- 
mahis  in  tire  larger  vessels.  We  know,  however, 
that  it  is  principally  in  these  vessels  tliat  it  ac- 
quires its  characteristic  properties,  more  especially 
that  the  fibrin  obtains  its  peculiar  texture  and  its 
power  of  spontaneous  coagulation,  which  existed  in 
a  less  perfect  degree  at  least  in  the  chyle,  and  this  is 
still  more  remarkably  the  case  with  the  colouring 
matter.  It  appears  to  be  pretty  well  established, 
that  the  substance  which  gives  the  red  colour  to  the 
blood  is  the  vesicle  that  suriounds  the  globule ;  it 
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may  also  be  laid  down  as  a  point  which  is  generally 
admitted  by  physiologists,  that  although  this  sub- 
stance contains  iron,  yet  that  the  iron  is  not  the 
immediate  cause  of  the  red  colow.  We  have  likewise 
reason  to  conjecture  that  it  is  upon  this  colouring 
matter  that  the  oxygen  of  the  atmosphere  more  parti- 
cularly acts,  when  the  blood  is  transmitted  through  the 
lungs,  and  is  converted  from  the  venous  to  the  arterial 
state ;  yet  this  seems  to  afford  us  no  insight  into  tlie 
mode  in  which  the  red  colour  is,  in  the  first  instauce, 
produced,  why  it  exists  in  a  slight  degree  in  the 
chyle,  and  why  it  is  found  so  much  more  copiously 
in  the  blood.  We  may  conclude,  that  it  is  not  the 
consequence  of  mere  cooceutration,  nor  are  we  able  ta 
refer  it  to  any  of  those  operations  which  are  kno^^n 
to  be  going  forwards  in  the  animal  ccconomy,  with 
the  nature  of  which  we  arc  so  well  acquainted,  as  to 
allow  us  to  specidate  upon  their  ultimate  effects. 

When  we  consider  the  nature  of  the  relation  which 
exists  between  the  sanguiferous  and  the  absorbent 
systems,  we  appear  to  be  warranted  in  supposing  that 
the  fluid  which  is  contained  in  the  arleries  should  be 
regarded  as  constituting  the  blood  in  its  most  perfect 
state ;  that  it  is  then  carried  by  the  capillary  vi 
into  all  parts  of  the  body,  w  here  it  loses  a  cer 
quantity  of  its  constituents,  and  is  thus  reduced  to 
the  state  of  venous  blood,  that  the  thoracic  duel 
pours  into  the  great  veins  the  materials  necessary  to 
supply  the  loss  which  it  has  experienced^  and  that 
some  change,  either  cliemical  or  mechanical,  is  effected 
in  the  luugs,  which  sgain  converts  it  into  the  state 
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of  arterial  blood.  According  to  this  view  of  the 
subject,  the  process  of  the  conversion  of  venous  into 
arterial  blood,  wiU  consist  in  the  addition  of  a  quan- 
tity of  carbon,  hydrogen,  and  oxygen,  with  an  undue 
proportion  of  nitrogen  ;  in  passing  through  the  lungs 
a  portion  of  carbon,  oxygen,  and  hydrogen,  are  sepa- 
rated, under  the  form  of  carbonic  acid  and  water/ 
while  in  the  course  of  the  circulation,  we  may  pre- 
snme,  that  the  excess  of  nitrogen  which  must  be  thus 
produced,  will  be  separated  from  the  blood,  in  the 
form  of  muscular  fibre  or  of  membrane,  or  still  more, 
of  urea,  of  which  nitrogen  composes  so  large  a  pro- 
portion. 

ft  only  remains  to  inquire  into  the  relation  which 
subsists  between  the  absorbent  and  the  nervous 
systems.  And  this,  we  have  every  reason  to  suppose, 
is  of  that  indirect  nature  only,  which  I  have  had 
occasion  to  describe  when  treating  of  the  action  of 
the  heart,  where  the  function  of  the  part  is  not 
necessarily  dependent  upon  the  power  of  the  nerves, 
although  there  may  be  many  cases  iu  which  it  is 
materially  influenced  by  this  power.  It  appears  that 
the  examinations  of  anatomist  vindicate  that  there  are 
but  few  nerves  sent  to  the  absorbent  system,  and  that 
even  these  tew  seem  rather  to  pass  by  them,  in  order 
to  be  transmitted  to  more  distant  organs,  than  to  be 
ultimately  destined  for  the  lymphatic  vessels  or  glands 


*  It  is  scarcely  necessary  to  remark^  tliat  the  water  which  U 
exhaled  from  the  lungs  is  not  supposed  to  be  generated  in  iliis 
organ,  but  merely  abstracted  from  the  puhnonary  blood  by  a 
Rpecics  of  j^ecretron. 
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themselves.  The  mode  of  actkm  of  the  abeorbeBti, 
(at  least  if  we  except  that  of  their  mouths,  which  is 
altogether  involved  in  obscuritj)  is  of  that  kind  which 
may  be  explained  without  the  aid  of  nervous  send- 
hility,  and,  indeed,  every  dreumstance  connected  with 
them,  seems  to  show,  that,  like  the  sanguiferous 
i^stem,  their  ordinary  operations  are  to  be  referred 
to  oontraetility  alone. 
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